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It was a matter of early observation that, while many of the nat— 
urally occurring mineral compounds could he synthetically produced in 
the chemical laboratory by strictly chemical means, those compounds 
Which, in nature, are peculiar to aninal and vegetable structures, or 
organic remains, did not admit of preparation from their elenentary 
constituents ovtside the organism. The early chenists (early part of 
13th Centurv) consequently came to the conclusion that such colipounds 
could not be produced except through a control of chemical processes 
by the 'Ihaite force!!, The study of compounds which to them seemed eee 
Culiar to organisms was therefofe called lOrganic Chemistry !/ | 

To day the term organic chemistry has a totally dif7erent gee 
icance, For to day we are able to build up fraduallv, hy strictly 
Cuwilical means, renresentatives of nearly all classes of ortanic cue 
‘ounds — the principal exception heint that of the 'laipuninous bodies’ 
put even the alburminous bodies may he made to underzo in the ladora— 
tory nanv chemical changes that are essentially identical with tie 
clanzes they underfo in the organism. ¥rom which it will be seen that 
tlle lite force! | cantrol is nct necessary to the production o7 or— 
Gauic | compounds, 

Since, however, organic compounds jo, in nature, occur in organ— 
istis or in orfanic remains; and since the number of the orfanic coim— 
pounds is enormous; it is convenient to study such coztpounds as a sep— 
arate branch of chernistry under the title, ri or7ani¢c exaenistry 

All orfanic compounds are alike in that they contain the element 
carbon — the molecules of these compounds being structures (often of 
exceeding complexity) of atoms built upon frameworks, or skeletons 
of carbon atoms, Moreover all organic compounds may he considered as 
derived from simple compounds of carbon with hvdrosen — called HYDRO— 
CARBONS, We have thus three names by which we may designate the study 
ef orsanic compounds. These names in order of merit are: 

CHEMISTRY OF THE HYDROCARBONS AND THEIR DERIVATIVES, 
CHEMISTRY OF TEE CARBON COMPOUNDS. 
ORGANIC CHEMISTRY. 

Physiological Chemistry limits itself to a study of the normal 
Chemical processes of the organisn. 

Patholosical Chemistry is concerned with the study of abnormal 
ciemical chanses in the organism. 

Fermentation Chemistry studies the chemical changes induced by 
the organized and unorganized FERMENTS, It is a department of hoth 
physiological and pathological chemistry. 

Hygienic Chemistry has for its aim the application of chemistry 
in the prevention of disease, It draws its information from the other 
branches of chemistry. 
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Passe 2. 
Clinical Chemistrw seeks to annly all rertinent facts of chemis— 
iry to the diagnosis and cure of disease. 

Physiological, pathological, fermantation, hygienic and clinical 
chemistry are all, essentially, departments of the chemistry of the bx. 
drocarbcns and their derivatives—mbdern thought being opposed to the 3 
concention of a 'lhige force!! as essential to any of the chemical 
changes concerned. 

Whereas the study of mineral, or 'linorganic !! chemistry must con- 
cern itself with about seventy elementary fortis af matter, formings rel= 
atively few compounds, the study of organic chemistry is mainly con— 
cerned with four elements only — carbon, hydrosen, oxyren,and nitrogen 
— but the number of possible compounds is, accordine to our best knowl 
ease, practically infinite. The necessity for crfanic chemistry as a 
séparate branch is thus made evident. 

TuURMEN TART @ ROAR TS AN ALY S LG, 

In the discussion under this head we will present, in outline 
only, principles of chemical analysis by means of which we may deter— 
tine the percentage composition and the HMPIRICAL FORMULAE of corr 
nounds containing carbon, hydrogen, oxygen and nitrogen: and also sul— 
phur and phosphorus. 

CARBON é& HYDROGEN:— These elements are determined hy burnings the 
body, at a red heat, ina Ileorpustion tube!! of Blass, porcelain or 
platinun, with oxygen. Under such circuristances the carbon of tre com— 
pound is burned to carbon dioxide, CO. ; and the hvdrofen is burned tc’ 

stearn, H,0. The gaseous products 20, and H,0 are aaparnyet througu a 
weighed tube containins drv calcium chio rice, Cacl,. 7 The H,0 is ab— 
sorbed by the Catl, and the increase in weizht of the euhe” is the 
weisht of water absorbed, The CO, is further aspirated through a 
weighed tube filled with srains of a mechanical mixture @f sodiua uvy— 
droxide (NaOH) with lime (CaO). The CO, is absorbe’? in this tune, forn 
ing sodium carhonate, Na,C0,; and the increase in weight of the lsoda 
Line | tube is the weight of CO, absorbe:l, 

We are now in a position to calculate the percentares of carbon 
and lidrogen in the body under examination. We rust first calculate 
the weights of carbon anid hydrogen from the observed weights of CO, 
and H,O, thus: 
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CO, : CG a 4e- ¢° 32, 


44: Observed weight of CO,: Required weizht of C, 
Hy 0 ei am 16°F 2, 
bee : Observed weight of H,0 : Required weight of Ke 


HOW CALCULATE PERCENTAGES, THUS: 


Weirht of carbon determined _ 
Weight of body taken ~{ 100. = Per cent of carbon in hody. 
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Page 3, 
weight of hydrogen determined 
Weight of body taken 


™'100 = Per cent. of hydrogen in body. 
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NITROGEN: — This element is most conveniently determined bv 
the method of Kjeldahi, The prineiples concerned are as follows: 

.. 326 si ich cht body is viforously boiled in concentrated suil— 
pauric acid, (A 50,). This treatment so operates as to bring about the 
formatien of sidhotiard sulphate CH, ), $0.1, which salt ccritains all of 
the orifinal nitrogen of the hody under é6xamination. 

Il, Solution I is made strongly alkaline with sodium hydroxide 
(NaOH) and then boiled, The ammonium sulphate is decomposed by this 
process, with the formation of sodium sulphate, Na,50, , and tae liber— 
ation of ammonia gas (NEH_): 

(MH, ).$0,+ 2Na0# = Na,S0,+ 2NH,+ 2H,0. 

a2. TRO MH, Live erated from soluticn II is conducted duto, and ab-- 
roed by a solution that contains a known weisht of hydrochloric acid 
-~ the HC] beins in excess: NH, + HCl = NH,Cl. 

A bee a cf the HCl 16 thus neutralized hy the NE, - 

IV, Solution III is TITRED with a STANDARD. solution of Ta0H, us— 
Lag = pothale¢in or another efficient indicator, The excess of HC1 
is thus determined — from which the quantity cf HCl required to neu— 
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jralize the Naz is obtained by subtraction. 
VV. Calculate the HCl equivalent to nitrosen (in armonia). tins: 
MOT: Wow 565-5 1A: , 
56,5 : 1l& = weight of HCl used to neutralize the NH_: Required weight 
of nitioszen, , 
Vi, Calculate the nercentage of nitrogen, thus: 


Weisht of Nitrogen deternined. 
; “Tos i vot aye LOO =-Per cent. of nitrogen in bedy: 
Weight of body tairen J S ody 


VOLUMETRIC ANALYSIS:— We have used the terms TITRE and STANDARD 
SOLUTION, in explaining Kjeldahl’s method for the determination of ni-— 
trogen in organic bodies, It is necessary that the meaning of these 
terms should be explained, : 

The principle upon which vo lune tic analvses are based is this:— 
by i@ans of the halance we. prepare a solution, one unit volume of 
which cdl 1¢.c.) is made to contain a certain weight of 30.1 
chemically active substance— the exact substance used beinm dersendent 
upon the particular analysis we desire to make, 

Such KNOWN solution is called a STANDARD solution. 

if, now, in the course of an analysis we prepare another solutica 
-that contains an unknown weight of some body that can enter into a def 
inite cliemical reaction with the body in the standard solution, 
the standard solution furnishes us with means for determining the ac— 
tual weight of active material in the unknown solution, It is only 
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necessary for us to measure the mumber of unit volumes of the standard 
Solution, required to conclude a certain reaction with all of tae ac— 
tive material in the unknown solution, Then, since cach unit volume of 
the standard solution corresponds or is Squivalent to a definite 
weight of the active body in the ynknown solution, it is simply neces— 
Sary to multiniv the numoer of unit volumes of standard solution used, 
by the nreviously determined factor which expresses the weight of ac— 
tive material in the unknown solution eguivalent to one unit volune 

of tne known or standard solution, 

Je are therefore required to have some means both for measurhag 
the volume of standard solution used; and for determunins when the re— 
action has been fully cormmleted, In order to measure the volume of 
standard solution employed, we make use of a narrow, Sraduated glass 
evlinder, calied a BURETTE. In order to tell the end point of our IIT 
RATION we make use of a solution of some body that is capable of giv— 
inj a marred color chanrté with a ninute quantity of our standard solu 
tion, but cannot do so as long as any of the active material in the 
unknown selution remains unacted upon. Such a body is termed an 
ETNDICATOR — because it indicates the completion of the principal re-- 
action, 

Passing from the above veneral exnosition of the nature of volu 
metric analyses; and coning to the Kjeldahl method for the deteraina— 
tion of nitrozen: we have to consider the quantitative relations of 
the reaction between NH, and HCl, The reaction is written 

NH, + HCl = NH, C1. 
auererore 14 parts of nitrosen correspond to 
26.5 parts of hydrochloric acid, 

In the course of our analyses we obtained a solution that coi 
tained all of our nitrotmen as ammonia, This would be our unknown solu— 
tion — for, while we know that it contains all of our nitrosen as an— 
monia, we do not know the weisht present. 

net us now have prrepared two standard solutions — ane containing 
3.65 srams of HCl per litre (= .00365 grams per c.c.}: and the other 
containing 4 frams of NaOH per litre (= .004 srams per c.c.), Any giv— 
@n volvre of either of these solutions would be exactly ecruivalent to 
the same volume of the other — Thus: 

NaOH + HCl = NaCl + H,0O 
40 36.5 

Suppose that the body being analyzed weished 5 grams and that its 
nitrogen after being chanzed to ammonia was distilled into 50 c.c. of 
our standard HCl, Some of the HCl would have been changed to neutral 
NH,Cl, Now add a few drops of an’alcoholic solution of pheno l-phtnal— 
ein (which is colorless in the presence of free HCl; but is crimson in 
the nresence of free NaOH); and then run into the solution, from a bu— 
rette, NaOH solution until a red color appears. Suppose that 30 c.c; 
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NaOH solution acccmnlished this result, Hvidantliw 50 — 30 = 20 o.c, 

o2 ous HCl was: neutralized by the unknown weight of AH, mut- 3 8.0. 

HCl we know to be equivalent tc .OO0I4 grams af nitroren, Therefore our 

5 srais of sample contained .0014%20 = .028 crams of nitrogen. The 

suroentage of nitrofen is therefore .028 x100 = .56 

Hoan? Dy means of special volumetric analyses we determine clinically 

the cuantititive composition of urines, gastric juice &c. 
DETERMINATION OF SULPHUR AND PHOSPHORUS :— 

In Order to ieterdine the percentage of suiphur and -pheosxaorus in 

rianic hodics wa heat the bodies with strons nitric acid. By this 
treatment the bulnnur is Reset ges to sulmhuric acid and vhosvhorus te 
aortneriiospnoric acid. These are precipitated separately (the suinnuric 
eoid ty “aris chioride.in the presence of hydrocalgric atid: ani Gis 
nhosnl.oric acid by :agnesiuin chloride in the presence of armonium hy— 
droxide). and weighes, after ignition in a nlatinum crucible, as bar— 
iuz1 ‘Sulphate (BaSO, ), and magnesium pyrophosphate ( Mz aip05), respec— 
eave. fue weicnt of BasoO, and MS_P, 0, are calculated” to Z and P, 
ruspectively; and thence the; percentages of sulphur and phosphorus in 
Lile organic body are obtained, 

DETERMINATION OF OAYGHN:— Oxvgen beint difficult to deterinine di— 
rectly, is usually determined by difference, We determine all the oth— 
er elenents in the hody, and subtract the sum of the vercent 
268 frou 100. Lhe mene thees is taken as beings the percentage of oxy— 
igie x 

ALCULATING EMPIRICAL FORMULAE, 

Havins Soa the percentaszes of the various elements that en— 
ter into the cotmrosition of the organic body under examination we are 
tia pOSition to calculate its e:ipirical formula, 

By the empirical formula for a body we mean the simplest for:mla 
that. shows a composition in harmony with our elementary analysis, 

Tne method for calculating empirical formulae will be understood 
fro:t an inspection of the subjoined example. An elementary analwsis of 
lactic acid showed that it has the following elementary composition: 

Carbon = 40,00 ner cent, 
Hydrogen =6,6 per cent, 
Oxven = 53,40 per cent, 
100,00 ner cent, 
Divide the above numbers by the respective atomic weishts: 


OU = #3 a 95.4 ~ 3.5 


is iL ae? oe 
3° .* 6,0 2 O30 = 


: eee. pee 1 
The carbon and oxysen atoms are therefore equally numerous in lac— 
tic acid; but the hydrogen atoms are twice as numerous as either the 
carbon atos or the oxygen atoms. The simplest formula for lactic acid 
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Page 6, 
is therefore CH,0O, 
UNSATISFACTORY NATURE OF EMPIRICAL FORHULAE, 

We have socn above that the formula CH,0 expresses an slumentary 
co.rposition in entire accordance with our analytical knowledge concern — 
ji; lactic acid, But that this fomula is cuite irrational is evidenc— 
ed by the fact that we know a number of bodies that have properties 
wiuely diffsrinz froin the properties of lactic acid; hut to which we 
would five an identical e:rmirical formula. Such bodics are fornalde— 
Dyue, <Orimee, Erape Surar, Fruit Suchr, acetic acid, &e., ce, 

A rational fommila for lactic acid would show the tianner is which 
lactic acid differs fro the other bodies wentioned. Now the fonmnla 
for laetic acid may very well be so:ie MULTIPLE of CH,O. We must tuéere— 
tofu, in the lirnt of our now knowiedse, write (CH, ith. as tne formula 
fot teetse aei4,. fhe ly Meaning soiw Asfinite “he 1p number as vet 
Uiicebermined, fe are, therefore, at this stage of our studies, entire— 
ly unaccuainte. with the true molecular weight of lactic acid; and 
Mavs no means for exrlainin= why its properties should be expected to 
gifigi (You these of Soreeen other bodies havinz an identical pereeut— 
ase cormosition., 

DETERMIN TION OF TRUE HOLECULAR WEIGHT. 

we have a oatmbcr of sethods by means of which we may arrive at 
eunclusicns as to the :lecular weiciits of hodies. Two of these inth— 
Oils We will nor discuss. 

MOLECULAR \/NIGHT BY CHEMICAL REASONINGS:— Let us considei tus 
well known compound, water — seskins to Giscover how many times leavi-— 
“ex is its molecule than an ato:1 of ardroren, 

Froil our analyses of water we know it to be cowposed of iiyvdrogen, 
Q@ne cart; and oxy~en eicht parts by weisnt. Each molecule of water 
tnerefors contains at least one atom of Avdrogen and one ato: of oxy— 
sen, Je wisht for the movwent, write the formula HO (which would make 
oxvgen have an atomic weisht of 8.) 

Now 23 parts of the element sodium can react with 18 pacts of wa— 
tes, liberating 1 rart of hvdrozen; and forming a perfectly jefinite 
colmound that contains all of the sodium that was used, all of the ox 
jeu fre: the water, and 1/2 of the hydroren frori the water. It is a 
evrinarvy conception that an ato: cannot he divided; and, Since we have 
observed that the hvdrosen in the water iwlecule can be split ito tro 
ecual parts, it is an unavoidable conclusion that the molecule of wa— . 
ter imst behets AT LEAST two atoms of hydrogen. We are consequently 
in a position to write tne fommla, H,0, for the molecule of water 

No experinent has ever shown that the hydrogen in the water :wol— 
ecule can e divided into more than two parts. Also, no oné nas Sver 
been Shle to divide the oxymen in the water molecule, We have, tien 
(sincé many experiments and more experimenters have examine 1 water) 
lost txcellent reasons for writing the formla H,0 as truly expressing 
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Page 7. 
the 1olecule o” water, But the atom of hydrosen is taken as unity — 
the hvfrormen in the water molecule therefore weirhs tyro; and, since we 
Know >v¥ analysis that water has eifht times as much oxyzen as hvdrogen 
it follows that the oxv7en in the water molecule must weigh (28 = 16) 
sixteen, The molecular weisht of water is therefore (2 + 16 = 18) 
@iv.iteen: or, in other words, the ttwolecule of water weichs eighteen 
tiie as eh as one ato of hvdroe Wen. 

ov. Similar reasoninss we could come to tne conclusion that tie 
-wlecule of hvdrochicrie acid eontains one atoi1 of hvdrazen. Je l:now 
W angivais Ghat one part by wefrht of Bvdresen in avdrochlieric acid 
Gan "eG disylaced )w 107.7 narts by weleht of silver, with the »roduc— 
Liga Oo” eiiver chioride, Therefore LOY,7 parts by weieht ef siive: 
(wiich has been set as the atomic weisht of silver) is enuivalent to 
Otis acial! hvdrosen ator, 

It is quite easy for us to prepare silver lactate and to analvée 
tue salt. We find that the sane weirht of silver (107.7) as is ecuiv— 
4léeut to one molecule of hwdrochloric acid (36.5) is also ecuivaleut ; 
oo 90 nerte of lactic acid,.bactic gaeid therefore contains one aold’? 
avdioce@n atom and has a iilecular weisht of 90, 

tue@ Tor:wia CHO, however, sives us a tolecular weltnt (12 + 2-4 
16 = 30) of 30, #o rust therefore (303 = 90) triple our fonwla 
GH Od write the formaria for laetic acid (CH, 0), . wé have thus found 

nreviously unknown lintl to ne 3, 
we lenow, nevertheless, that tne body trioxynethyviene has tne for— 
iiria (CR, O01, “(i@. it is idevtieat with lactic acid in elementary coin 
position and molecular weicht): and we are, consecuently, still with— 
out means for sayins= why we should expect the two »odies to be go 
vorv different in their preperties — as we know them to 5S. When we 
6oiie to study the structures of the respective molecules we will he 
furnished with our desired exnlanation. 

dé will now consider another example. Ethane is a well known gas 
Analvsis shows it to have the following composition: 

Carbon = 4 parts, 

Hydrosen = 1 part. 
UValculate the empirical formula 
4 1 J 
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76 
The hydrosen ae ane Pus tnpee times as numerous as the carbon 
atoiis in the molecule of ethane. we thus arrive at the empirical for— 
ula: (CHL zp: , 

But wo find that 1/6 of the hydrogen in the ethane melecule iiav 
be replaced by chlerine, with the production of the definite body, 
ethyl culoride. The ethane wolecule rust tnerefore contain at least 
six luydrogen atons and the formmla must he CoH — 1.¢., lin! ! ners is 
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IOLECULAR WEIGHT By AVOGADRO’S LAW:— The famous law of the Ita]— 
ian physicist, Avosadro, may be stated thus: inqual volumes of all 
ba s@S, at the same temperature and pressure, contain equal mewbers of 
mo leew les ! | It, obviously, follows at once, fro:1 this lav, that the 
rélative weishts of the 1nolecules of the vielova gases, are proporticn— 
al to the relative densities of the fases, 

It is therefore, in fixing molecular weifhts by the‘application 
of Avocadre’s law, first necessary to fix the molecular weisht of iy— 
drosen (the hvirofsen atom being the unit of mass); and then to deter— 
iijimée the densities of other gases relative to the density of hydrogens 
Tne hvdroven mclecule is known to contain at least two atoms of uydro— 
sen; and is not known to contain more than two atoms. The molecule of 
lvdroven therefore weighs two. The density of hydrozen is taken as one 
fue molecular weisht of hydrogen beings, thus, twice its density, it 
foliows that the rwlecular weight of anv fas is twice its density (com— 
pared with hvdrosen). : 

So, in order to set the molecular weisht of any body bv the law 
of Avofadro we determine how many tines heavier is anv volwie of tie 
body, IN THE GASZOUS STATE, than the same volume of hydroten, The den: 
sity figure being determined it is rmultinplied by two; and the nroduct 
is the molecular weight of the body (in its gaseous state). 

This method for determining inolecular weishts is far si.mle: 
and :wveh more direct than the chemical method; bvt it is only apyvlica— 
ble te fases and to such licuids and solids as can be vaporized with 
out decomposition, 

The molecular weistht of a body as set by purely cheiical . 
methods is alwavs identical with the molecular weight determined by 
the application of Avogzadro’s law. 


Examples. 
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Gas | Density Molecular Weicht. | 
| {Hydrosen = 1) | Density» 2 | 
ee ee leer we oe sr ae, ea sotheat aalheetanteieeetantetioat an jp 
Steai | 9, 18, 
es ae ke se Oo a aes a a A a ks 
nydrochloric Acid 18,25 | a 
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athnane ic. | oO. 
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Mthyl Chloride 32,25 | 64.5 | 
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ry pecause they are the simplest of the compounds of carbon; 


st 
and frcow two of then — methane, CH,; and benzene, CgH,— all of the 
other carbon compounds, may he considered as capable of bein: derived, 
All cf those carbon compounds that may be considered as ‘ 
Jet b@ing derived from methane are called 


aH VETHANE SERIES OF CARBON COMPOUNDS, 
merely reters to the fact 
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lratty compounds 


that the natural fats helons to the series, 
hodies other than lleats | welone® to 


The nuclei of 


ae 

the iwlecules of the methane derivatives consist of OPEN CHAINS Or 
CARBON ATOMS, 

Ail of these carbon compounds that may be considered = 

of being derived from benzene are called or 
lou BENZENR SERIES OF CARBON ConpouNDS!!, the term 
POUNDS '' refers to thse fact that manv of the benzene derivatives have 
an asreespie, spicy odor. The nuclei of the molecules of the \enzene 
derivatives consist of CLOSED CHAINS OF CARBON ATOMS, 
In: the subjoined tables are fiven examples of hydrocarbons: 


ITHE AROMATIC COMPOUNDS 


IAROMATIC QOM— 
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Tie formulae assigned. to the various hydrocarbons in the above 
table Lave been determined by the application of Avogadro’s law; and 
oy chemical reasoninzs such as have heen outlined in the epee pa-—- 
ees. These fomulae assign to the bodies their true molecular weignts; 
ani truely represent their elementary composition, Thus far tre formu— 
lae are Ss ae. But when we consider the following points, it 
pbecones easily manifest that our formulae are irrational -—- since they 
furnish no explanation for the ohserved facts:— 

I, We have manv examples of sets of hydrocarbons, the various ineia— 
hers of each set having exactly the same molecular woirhts and e@lenen— 
tary composition, yet showin7™ more or less wide divermence in proper— 
ties, 

ii, The various members of each series 
tain chemical properties in comron -- which pronrerti 
@d by members of the other series, 

Yor: example: 

Je connot add hydrosen or chlorine to any hydrocarbon belonging 
to the ethane series, The members of the methane series of hyirocar— 
bons are consequently spoken of as being SATURATE COMPOUNDS , 

we can add TWO EQUIVALENTS of hvdrogen to anv member of tae ethyl—- 
ene series of hydrocarbons, The members of this series are therefore 
UNSATURATED COMPOUNDS. Upon saturation with hydrogen, they hecome idenu— 
tical with members of the methane series 

We can add either TWO OR FOUR EQUIVALENTS of hydrogen'to any lMen— 
ber of the acetylene series of hydrocarbons — the members of this se— 


of hydrocarbons have cer— 
8s are not possess— 
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ries heinr therefore unsaturated compounds. Upon addins two equiva— 
lents of hydrogen to a member of the acetylene series of hydrocar— 
bons, we obtain a corresnonding member of the ethylene series. 

Upon the addition of four equivalents o7 hydrogen to a meiber of 
the acetvlene series, we obtain a corresponding member of the i16thanc 
series, 

Soiree multinle of TWO EQUIVALENTS of hvdromen can be added to any 
one of the members of the benzene series of nydrocarbons — whicu are 
tuerefore unsaturated compounds. Upon adding two or more equivalents 
of nvdroven to a rember of the benzene series, we ‘do not.ootain a iiem— 
per of anv of the other series. 3 

How are we to explain, and make readily apparent, the peculiari— 
ties of behavior we have just noted? This avestion we will now endeav— 
or lofically to answer, If the fross forms of matter be agsreztations 
of iolecvles; and i* these molecules he ammregations of ators — it fol— 
lows, unevoidahly, that the atoms in a riolecule must be held toZetuer 
as a ielecular unit by virtue of attractions between the atoms, Lt 
would ti0st likely be of importance, therefore, for us to attermt to 
discover what atoms in a molecule thus sgikun thy attract each otier, we 
icant, mcreover, readily suspect that such know rledze, being gained, 

gould furnish explanations for otherwise unexplained properties of 
the respective molecules. 

But how are we to determine between what atoms are the attractive 
forces exerted? This knowledre is easy enough to obtain with re ‘erence 
to sucz. *olecules as contain onlv two atoms — for, of course, tie at— 
traction in such a wolecule is between the two component atoms. wien 
however, the molecule contains more than tro atoms, the nroblem ve— 
co:les a difficult one; and ovr desired knowledge is only obtaing - 
ed after a more or less cormlex system of reasoning. 

Je mieht, indeed, assume that every atom in a molecule is attract 
el py every other atom; and witn varying quantities of attractive 
force, according to the respective spatial relations and natures of 
the atons. It is auite rrobable that in a molecule each atom is at— 
tracted by all other atoms in the molecule —unless we conceive that 
certain molecules may be so large that particular pairs of atons are 
separated by distances greater than that over which chemism can »5¢ 
operative, Nevertheless, tne principal attractions in a molecule would 
undoubtedly be exerted between particular atoms only; and we are 
able tc found a rationdl system of organic chemistry through correct 
deductions concerning the principal atomic attractions within tis 
lc lecules of the various orsanic compounds. 

fine and space will not permit an explanation of the reasons upon 
which are based all of the molecular STRUCTURES that will be stated in 
the followinz pages. The seneral method of reasoning will be outlined; 
ani a few examples given, 
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race 12, 
het us,:then, start with the assumption that in a 1i0lecule tie 
atomic attractiors are not necessartlv everted ecuallw hetween all of 
the ators; hut that the principal attractions mav be exerted between 
certain atoms only. Begin by determining between what atoms the princi— 
pal attiactive forces are probably exerted in comparatively sinnle 
wo lecules. 

Then build up, by SYNTHETIC processes, the more hizhly complex 
molecules fro simpler molecules. Finally, draw the desired conclusion 


7 


Sious »‘y rational analvses of the various syntheses. 

The hydroten molecule contains two atoms of hvdrosen. Je wijgdit 
exnress the molecule thus: H —H, the dash indécatine the attractive 
force exerted hetween the two hydrozen atoms, holdins= ther tosether as 
a wmolecular.unit. 

Such a formila for the hydrogen molecule mistht be called a STRUCT— 
URAL FORMULA, Evidently, for what has been stated, this formula doés 
mut pretend to show the fMeovwetrical. form of the molecule; but ouly 
that in the hvsrozen irolecule we have two hvdroren atoms held as a 
unit 5v virtue of their attractions for each other — which statement 
is, of course, a true ong if the hydrogen molecule contains two atous, 

Zach hvdroten atom night be written thus: -H, the dash revresent— 
diy; its attractive force. Unless it be influenced bv other forces than 
the cremical force, a .wdroten atom could not exist as an ato: in the 
preseice of another hvdrormen atom. For the two attractive forces of 
the two hydroren atoms would tend to neutralize or satisfy eaci other 
with the formation of a molecule of hydrosen. In other words, the con— 
dition H--H, hecomes at once the condition H-H, 

The riolecule of water contains two atous of hydrosen and one at— 
Oi:1 Of oxveten. We mirht represent the structure of the water rolenule 


di: aw of the followinn ways: as H-O-H, or 
ei H-H-O, or 
sem 
H—E, 


It will be evident that the first structure is the only probable 
one, For each hydrogen atom has the same attractive force; and in 
structure II we have represented the hydrogen atoms as being possessed 
of variable attractive forces, Structure III is discounted bv our gen— 
eral knowledse of the compounds of hydrogen — this general knowledge 
pointines to the conclusion that an atom of hvdrogen is never linked to 
More than one other atom of any kind. Therefore, while it cannot be de— 
nied that structures II and III might be passible, structure I is 
certainly highlv probable. We will therefore write water H-O-H, 

By so doing we have represented the oxygen atom as having just 
twice the attractive force; or, at least, the power of satisfying just 
twice the attractive force of one atom of hydrogen. The hvdrosen aton 
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Page 135. . 
is therefore best written =O. The oxygen molecule contains two atoms 
of oxyser and would therefore be written O=0 basing our formula on 
tne fommla we have assigned to the molecule of nydrogen; and on the 
EWUIVAULENCH of the hydrosen atom taken as unity. 

Tne molecule of metnane contains four atoms of hvdrogen and one 
ato; of carbon. For reasons ouite analogous to those by which we fixed 
tuc structure of the water :olecule, we should write the methane :1le— 


cule E 
E-i 
H wherev we assign to the carbon atoi the property of 


satisfvine four atoms of hvdresen; and of being itself satisfied by 
Erie), ‘ 

Since the affinity (or attractive force) of the oxygen atoii is 
éyuivalent to that of two hvdrofen atoms; and since the carbon ato: is 
equivalent to four hydrofen atoris in this sense — it follows that ons 
carbon atom should be FULLY satisfied bw two oxyren atoms. That sucn 
is the fact is well illustrated »v the compounds, carbon monoxide ani 
carbon dioxide. For, while carbon monoxide way, indeed, exist alone, 
tue cormound readily combines with enough oxvgen to form carbon diox— 
ide, We cannot, however, more hivhlyv oxidize carbon dioxide. Caroo:: 
dioxide thus has the structure, 0=C=0; which is in entire accorance 
with the strictures H-O-H and # 

H-O-H The values 1,2 and 4: represented 
H hy 1,2 and 4 dashes, ané exsress— 
ing the equivalence as above, of atoms of hydrogen, oxysen and carhon 
respectively, are called the VALENCIES of these atoms, Ali structural 
fomnlae for molecules are based upon our ideas as to the valencies of 
the constituent atoms. Ons atom that is verv frequently met in tus 
molecules of orzanic comnounds showd a valency of three in sone iiole— 
cules; and a valency of five in others. It is the nitrogen atoii, 
Nitroten is an essential constituent of the organic bases, or alka. 
loids. The free bases contain TRIVALENT NITROGEN; while their salts 
contain PENTAVALENT NITROGEN, The four examples that follow exhidit 
tiie type of molecules containinzs trivalent and pentavalent nitro jen. 
Ma ~ 
A@ionia is NH fomoniuin Chloride is N-#H 
Ny Na 
ie 


+ 


meet een meres cerns nese meeps mene remem ee ae ements eens eee meee seemeet | meme meee memes pees eet emma 


et nr 
age &. aa™ 


dy ey F 
ninasah Meet hats ad a2 


8 ee. : ae ae Zs me a om 


ra a a en re eae a 
be ae. ey a des i fete ss 
ee er ager PERI HORE SOR els oO or 9 Come SEE ‘ ‘ 
‘ frag nie. i ane 
fea e 
. fis : 


st: ethene ne a: ni tee 


ie - pe a ape On ag eS - o3 4 oe 2 ‘ 
SEOSCLAVOERYH ehimal gcd ail 


eke’ am thi, adn: sie hele ake ones 
es r 


Page 14, 
Ir the subjoined table is given at a slancs the valencies of all 
the aters likely to be ~entioned in the followint rages. 
% ABs ov “3 2s 2 6 te Ss 
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Havine decided that the structure of the methane molecule is B 


and havine settled upon the valencies siven for the various H—~C-H 
elements in the ‘above table, we are ready for 4 study of those H 


synthétic methods from which we may deduce the structures of the 1101— 
ecules of other orzanic cormnounds. (The student must not fail to re— 
ener that the structural formulae about to he miven express nothing 
wiatever concernine the SPATIAL relations between the atoms in a i10l— 
ecule —and, it may be remarked in passin™, that upon the subject of 
the snatial relations of atois we have only meagre and dubious knowl— 
edge). 

i? the structure of the methane molecule be examined, its perfect 
Structural syrmietry will be at once apparent — each hydrogen atoin be— 
ing united to a sas La Broup of atoms. 

It ia possible to replace one of the hvdrosen atoms in the meth— 
ane riolecule by an atom af chlorine giving the compound CH,¢ 1, 2608 
co:itmmound is ohtained by exposing a riixture of eaual volumes of cnilo 
Fine and ethane to the action of sunlisht. 

CH, + C1.= CH, C1 + HCl. 

From the perfect structural symmetry of CH, , it would be expected 
tnat the same corapound would result, no matter which of the four hy— 
drogen atoms be replaced by an atom of chlorine, Now, as a matter of 
fact, only ONE monochlor-awethane is known, This fact, then, strength— 
eus ovr ideas as to the structure of the methane molecule, 

Mroi1 methane we can prepare a monoiodomethane, CH I, Now we 
nave found that wien sodium acts upon monoiodomethane, sodiuvi iodide 


and ethane are formed — the reaction being 20, 1 + ona = CoH, + Nal . 
If instead of stating the reaction as above, we will write the 
structural formlae for the molecules concerned, the reaction would 
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anpear thus: Ss rs 
H-O—I HC~, NaI 
H pe 
* ona = Lk 


H 
ee bee i HO = Naat 
H | oe 

Bihane has thus been proven to have the molecular structure 


H-U—C-H 


Unon cxaminins the structure of the ethane molecule, it is seen 


to ectih it & rerfect strictural symmetry — as follows: 
I. Hach nydro*en ato is combined wit a =Un, group, 
eatructural wich Sroup is in turn combined with & -—OH, group. 
svivietry All of the hAvdrowen ateus are therefore structurally 
gf-the etnane svimetrical. 
mm leculs, iil. HACh Gaxbon atom is combined vith two bAydrofen 


atomstiwita a -—CH, sroup. The carbon atoms are 
Chereiore structurally svimaetrical.« 
for Gane svrpietry gi the ethane twiecule it would %5¢ @xmecte: 
tinal tore than one monoiodoethane could not be obtained, As a iiatier 
wit £80) oxiv one GC, ET is known, Here afain, our ideas as to the cor 
PeCuntss of our Strctufsal faermwiac are strenstuenda., 
modi Mehin’® unen a ciinture of O@cuivealent quantities of Ur, I and 
Up Fed fives us propane and sodium iodide. Exrressing tne reaction by 
fas utc of nur already determine: -structural formulae we wwy1i have 


B H 
ROI qc Na—l 
i H | 
+ Na = i+ 
Hoe ae x 
HUI io val 
HH HOH 
Fropane 
aas thus heen proven on 
to have the structure — Huioah pt 


im @xatiination 9°. the structure of tne nropane molecule shows 
tnat the rerfect structural symmetry observed in methane and ethane, 
has disarpearei in propane, 


is@k. oF ee 1. ine 8ix hv@roten atome that are attached to the 
svimietrv es two terminal carbon ato:is are syvrtmetrical with 
in the e respect to each other; but are unsy:metrical with 
prorane P| the two hvdrogen atoms that are attached to tne 
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Page 16. 
% lecv le, intermediate carbon ator, 

II, The two hydrosen atoms that are attachad to the 
intermediate carbon ator are svrmetrical with re— 
spect to each other; hut are unsymnetrecal witna 
respect to the six hydrogen atoms that are attaca 
ed to the two) terminal carbon atoms. 

III, The two terminal carbon atoms are syvimetrical with 
respect to each other; but are unsyrmetrical with 
respect to the intermediate carhon aton. 


ded 
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Syinietrical relations of the } mach hvdrotéen ator is attached 
six nvdrozen atons that are at— to a 
tazned to the two terminal carbon —CH,-CH,--CE, 
ators. BToun . 
Symmetrical relations of the Bach hydrogen atam is attached 
two hvdrosen atoms that are to 4 eo ee, 
attacned to the intermediate Oi 
carbon atom, ee | er 

“ Zrounp, 
Symmetrical relations of the Hach carbon atom is senarately 
two teriinal carbon atoms. attached to three hydrogen 

atoms and to a CH, On, 
eYOUp. 


From the lack of symmetry of the propane inolecule we should ex— 
pect that the two mono—chlorpropanes, 


lee SB 


would be bodies having different properties, That such is the fact ex— 
perinent has clearly enough shown. Thus, for example:— 


| Specific | Boilins | Action of moist sil— 
. Body Name Gravity., . Point, | ver oxide and oxida— 


tdon of the resulting 
compound , 
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| ReG-C-O-Cl | propyl : which upon oxidation 
iu i 4 chloride, becones an aldenyde, 


which vv oxidation 
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#6 should think furtner, that more than two ric nochlorp propanes 
Meutd Mot He ootainea. Such is the fact, It will, therefore; he geen 
Taat ovr structural formulae for propane and its derivatives, have mos 
Omiay 16a Us to expect established facts; but have giso furnished usp 
with explanations for o»vserved dif ences in two bodies that Have the 
same composition and the same mole 
I 


Giuemical studies of wwatter furnish us, conmoniv, with examples ¢f 
series of two or nore bodies that have the sare a cormosition 
Hus nevertheless snow diverrmence in their sroperties: Such bedies are 
gaid to ve ISOMMRIC with regard to each other. 

1, CeOrtain @igments Sapitualiiv exhibit themselves in more than 

one £0771 — Such as carbon in charcoal, mrarnnite and digagme, 
2028 Speciscs of isomerism is due to differences in the molecu 
lar weishts of the various bodies. Isomerism of an elament is 
termed AULLOTROPY, 

Ai, Certain coiirounds that exhibit isoiwserism are readily shgyn te 
have different melecular weishts; and the observed isomerisn 
if thus @=pimines, ihus, Zo ma ldehyde and lactic acid have tue 
sane percentage composition: but the mo letuis of lactic agid 
is three times as heavy as the molecule of formaldehyie, 

Formaldehyde, CH, 0 

actic Acid, C,H, 0. 

iii, We have many examnies of sets of podies that nave vot only 
the same covrosition: but have also the same molecular weigats 
Thus, we have two lactic acids — «ach having the forma Cz H. a 
Such bodies are said to he TRUE isomeric bodies. As has Sane 
seen in the preceding wares, the osaerved aifferences’ in 
Properties of certain of tne true isomeric bodies are vost 
probably due to; and aré certainly readily and rationally ex— 
pisined.»ov structural differences in the respective. molecules, 
MPLEST METHOD FOR WRITING STRUCTURAL FORMULAE, 
the ftoriuilasc we have just established: to wit, 
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HOH HO O-6-H OOoet Bae 
HOH HHH HHH H C1H 
are very cumbrous; and a shorter form of expression becomes desirable. 


Suci: shortened formulae are found in the expressions 
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CH, CH, and CH, .CH, .CH, and CH, .C JE SHC i and CH, .CHC1. oH, 


i 
ee Ag 


<< 
a 


ies 


me 
Miiboint. 


Sy 


ys 


Pase 18. 
Tu these formdlae it is only; necessary to remember that Gach ay— 
dromer. atom is separatelw connectc@ with the atjacent carhon ato™: on 
® $2116 Side Of Ghe nericd::and that tne reriods sifnify the tondas 
petween tne carbon atoms. 
ALL HYDROCARLDONS BELONGING TO THR HATHANE, ETHYLENE AND Ad 
SaRISS, CONSIDERSD AS DERIVATIVES OF THE SIUGLE HY DROU ARSON eed 
‘4 


It has been ssen in the forefoin™ pases that ethane and nropane 
may DG G6Tived [rom methane. “pe Similar processes we can ierive ather 


wenvers of the methane series fro: methane, 

qe bodies UH, ,CHC1, and CH, C1.Cr Cl, which can be obtaineu fren 
Bbliure are not swintetr ‘ileal. ve shoula Siarsters expect ther to exniaas 
Ot terences in their aronerticg, axperinent saows such to Se tiv Taek, 
Ageir our structures predict “and ¢uniain the facts. 

CH O1,UR.{G1-4ein™ acted Uraon by sgdiu:: fives us ethvisise Bag 
sodiun eniorite Lnus* 
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Bthvilens nas censecventiv tie formula 
ae 
UseG ; or CH, :CH, Moreover, from ethane we ue— 


as =) 


HoH 
Pives otnane: from -athane we derived cH C1. CH,U1; and froi CH, CL, 
Cl ye derived ethvlene, Ethylene is therefore convenient ly considvred 
as @ derivative of nethane, 
From pronane we have vei Cl. —- CH. “his bedw acted aman by 


Sodium could five tas fotiontae att tons 
# # 
HHL Notion Tadl 
HeGiS] + Sia = a4 + Nadi 
H-O-—4 HU 
i H 
put the bodw U. ii, is pronylene, Provwviene is therefore 4 “Metinane 


derivative; and its. ey ecule has the structure UH, OH rai 
In @ Similar manner the formula of hutviene could be Snown to he 
vil, :Uit, CH UH, — and so on throusn various i1embers of tie etnylene se— 
vies. 
Fro Mmetiane wo tay nrenare vHI, . this hody. acted unon hy. sliver 


e 
ud 


furnishes acetvlené andi silver iodide. 


te E, 
sae 


s 
ak 


yas 


eek 


~ : : ee q f 
¢ oe 2 e 5 ae A i. : 
ie i by me: ait oS mo fee. afi 5 eis ms 


i, Sea ee 


Page 19. 


Thus: o : Agt 
ne H-O= Agel 
TH Agl 

+ 6AZ = reit cagl 

rtf Agl 

tt - 


Acetylene has therefore the form la H-C=SU-H: or CHICH; and is a 
derivative of methane, 

Allylene may be prepared by the action of sodium on the propane 
derivative CHC1,.CC1,.CH,. Its fommla is thus shown to be UHiC,0H,; 
and it is a derivative of methane. We might make other syntheses of 
hydrocarbons helongins to the acetylene series with analogous results. 
STRUCTURAL CHARACTERISTICS OF THE METHANE, ETHYLENE AID 

ACETYLENE 
SERIES OF COMPOUNDS, 

In the light of the knowledze we have thus far gained in our 
stucies of the structures of the hydrocarbon molecules we are enabled 
to write the following formulae: 

I, METHANE SERIES, --- 


Methane ——— —-———-—- CH 
Ethane — ——-—-—-——-— — - CH, .CH 
Propane ———-—-—--+—--—-—— CH, . CH, » CH, 
Butane —-—-—-—-~———— — CH, .CH, CH). si 
Pentane —————— — — — CH. .Ce. -0H-,Ce H 
% a - ae a 3 
eo. 
Ii. ETHYLENE SERIES. — 
Ethylene — —-—————-— CH, :CH, 
PPOTe LONG oH ee ee ee OR, oD CH, 
Butylene — —————-—— — CH,27CH CH, .CH 
eeiene = ee ee CH, :CH.CH, “CH: CH, 
Hexylene —~ —- —~——~——— — —CH, : CH.CH, -CH, .CH, CH, 
he. 
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III. ACETYLENE SERIES (refer also to page 22.) 


Acetylene — ———— ——+— CH? CH 

ALLYLENE — — — — — — — — CH3C -CH, 

Crotonylene ——————— CH: : Ce CH, 

Valerylene ———-—~———-— CH: CH, CH. CH, 

Hexoviene ——~—-————— — GHs c, CH, “CH, » 0H, -CH, 
eo. Se. 


We observe that in all of the above series of mo lecu les the 
nuclei are OPEN CHAINS OF CARBON ATOMS, 

In the methane series ALL of tne linkages between the carbon 
atoms are by SINGLE BONDS,” "Such a carbon nucleus is the distinctive 
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structural characteristic of 211 carhon commounds DIRECTLY related 
to the methane series of hydrocarbons. 

In every molecule of the Ethylene seriés of hydrocarbons it will 
be observed that there are TWO carbon atoms that are linked together 
by a DOUBLE BOND. Such a carbon nucleus is the distinctive structural 
characteristic of all organic compounds that are DIRECTLY related to 
the ethylene series of hydrocarhons. 

In every molecule of the Acetylene series of hydrocarbons, it 
will be observed that there are TWO carbon atoms that are linked to— 
gether by a TRIPLE BOND. Such a carbon nucleus is the distinctive 
structural characteristic of all organic compounds that are DIRECTLY 
related to the acetylene series of hydrocarbons, (With regard to the 
acetylene series refer also to page 22.) 

A MULTITUDE OF FACTS IN THE CHEMISTRY OF THE CARBON COMPOUNDS 
FIND RATOINAL EXPLANATION IN THE STRUCTURAL RELATION JUST DISCUSSED, 

ISOMERISM AMONG THE HYDROCARBONS. 

he term isomerism has already been defined; and we have observed 
several examples and the explanations therefore in such bodies as nor— 
mal propyl chloride and isopropyl chloride. Among the various members 
of the hydrocarbons we find exceedingly numerous examples of true iso— 
meric bodies, The few examples of possible structures of hyirocarbon 
molecules, that are given below will be understood if the preceding 
pages have been carefully studied. It is only necessary to remember 
that the isomerism among the various bodies are the results of struc— 
tural differences in the respective molecules, 

EXAMPLES OF ISOMERIS/H, 
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Ml | GENERAL {| GENERAL | STRUCTURES AND SPECIAL NAMES, 

E NAME , FORMULA | 
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H Methane , CH, Only one possible, 

A Mi ak dk ak eek es en ee re ee ep 

N EVHANE C,H, CH, .CH, Only one possible, 

RE $§f—-—-——-—- fe nf ee ee 
Propane C, Hy , OR, C8. » CH,, Only one possible, 
Butane { C,H,, 4 ‘Two are possible. 

S ‘ de hk ak seal ik, a cae a ae es ee eee a ae de ee 

KE | { Normal Butane CH,.CH, .CH, .ci 

R pomem oreo ee ee eRe er eee 

I ; He 

E 4 Isobutane CH, CH. 

S | i, 
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: i Pentane {| C,H,,, Three are possible; 


. ; Normal Pentane UH, CH, .CH, UH, Ci 
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Isopentane CH, .CH, .CH 
} * 
ar 
CH ae 
ne ea 
; Tetramethyl Metnane Pi 
. CH CH, 
n= ---- I----j- ----------------=--- 
\ Hexane ‘ CHL, 4 Five are possible: 
H i a ST ALS ane goes mss 
| | Normal Hexane CH, .CH, .CH, .UH, .ud, .CH, 
oe ey Se kee Uae ede 
| ; Propy. Cametny. Cr. 
| , i wethane cH, CH, CH. ok 
! i | —.  . | 
: | on 
3 
a ee ee eee 
C Arty 
) | Di-isopropyl = on CH” 
| co ae 
3 3 
| | ee we Ga 
| : Diethyl Methyl . _- CH, . CH, 
Methane CH. .CH 
! | | “on oe 
: ae 
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| : sfoadee: hs Ethyl CH, ges ee 
. Methane 
| i 
| on” Nou. 
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i , DButylene , CH. , Three are possibile: 
Ri | Normal Butylene, CH, :CH.CH, CH, 
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Pase 22, | 
A | Pre | Acetviene | C,H, | CHICH Only one possible 
C | Acet— oe ee ee ee el ee Ae ee ee ee ee ee ee ee ee ee 
RB | yl- Allylene | Cg, | CHIC.CH, Only one possible 
: enes,,-—-———-—— j— — Hj 
ee Crotonylene , G H,{ Two are possible: 
i | : | Normal Crotonylene CHiC.CH,.CH, 
2 | | [a ee 
a | Dimethyl Acetylene CH, .CiC,CH, 
| Certain of tne hydrocarbons have carbon nuclei zontain— 
» 4 Iso— ing two sets of two carbon atoms united bv dovble linkages. 
m4 mer These hydrocarbons have therefore the general formula Cn Fene2 
a. 4 is See below. 
I , Acet— Pe ee ee ee oe cag RR a Di NN poe sR TO Cy ROE gaat a ee ee. eee 
L : v1i— Isomeric 1 
Ss > enes Ally lene { ee CH,:0:CH, 
Poet a en ae ese ce hee an em AG 
| Isomeric , C,H} Two are possible: 
| ; Crotonylene , Diethylene CH,=CH-CH=CH, 
: | ee ee << 
| | : dethylene Prorylene CH, =C=CH .CH, : 
ee ea ee ee i a ee ee ee el ce ec ee em ee ee ee ae ee 


REMARKS UPON THE DERIVATIVES OF THE HYDROCARBONS, 

The members of the methane series of hydrocarbons, being satura— 
ted compounds, can form derivatives only »v REPLACEMENT of hydrogen 
atoms by other atoms or sroups of ators. , 

The members of the ethylene series of hydrocarhons, hein? unsat— 
urated compounds, can form derivatives both by the replacement of 
hydroger atoms by other atoms or groups of atoms; and by the ADDI— 

TION of atoms or “roups of atoms to the respective moleculgs, wWaen 
addition occurs, the double linkases disappear, and the resulting coi 
pounds »elon® to the methane series of compounds. Thus, taking sthyl— 
ene as an example: 

By replacement CHC1:CH, 
By addition CH, C1.CH,C1 

The remarks above concerning the ethylene series, hold true for 
the acetylene series, exceptinzs as follows:— while we can add only Iwo 
affinities to molecules of the ethylenes, we can adi either TWO or 
FOUR affinities tc molecules of the acetylenes. Thus, takinz acetylene 
fer an exarple: 

By replacement CHiCBr 
By addition of two affinities CHBr:CHBr 
By addition of four affinities CHBr, .CHBr, 
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Te best irnown and most widely used hydrocarbons are those that 
occur in netroleum. Closely allied to petroleum are natural gas andi 
ozokerite (inincvral wax). These hodies consist of mixtures of hvdrocar— 
dons of varying boiling pcints -~heontines for the most part to the 
iisthane series, Petroleum or rock oil! 18 se@ldon weed in 
tac exact conditicn that it occurs in nature. The crude material is 

Sually subjected to a nrocess of FRACTOINAL DISTILLATION, by which 
eas the portions havine different boilins points are more or less 
GG.c7-lsteiv separatec rom.eacn other, In addition te the fractional 
distillation, the fractions are deodorized and decolorized by succes— 
Sive treatments with sulrhuric acid, caustic soda and water and filtra— 
tion throurch animal charcoal, The pnrincinal products are called, com— 
erois 1 is: 

CYMOGEHNE — Gaseous at ordinary temperatures. Boilins noint 0 
Vae0u in i¢¢ t1achines., 

REIGOLSNE — Bails at 18 ; and has %een used as an anaesthetic. 

PETROLEUM RTEER — Boilins eis from 70 to 80 . Used as a solvent 
ff 


for cums and fats. 
GASOLINE — Nearly same as petroleun ether, Used in Ila macinines 
NAPTHA — Boiling noint from 80 tc 110 . Used for purning in vapor 
Stoves and street laiins, and as a solvent in nakins varnishes «ce, 
LIGROINE — u.P., 80° to Ley. Solvent for panera e tye nuroseses 
ERIZINE (not Benzene) — B.P. 120 to 150 Substitute for turnen— 
Vine end for cleanin materials from frease, 
RKEROSINE — Grades mainly oY the termerature ae 1LiCh: 46. $ongtes, 
Gogdad }erosene nas a fire test of not less than eee : 
LUBRICATING OIL — The more viscous portions of petroleun are 
Uses for lubricating purroses, 
a VASELING. PLTROLATUL — \ special hydrocarbon :1ixture melting at 
«0 to 50 and obtaines by distillation in vacuum anparatus., 
PARAPPINE VJAAES — Petroleum hydrocarbons that are solids at ordi— 
nary termeratures, 
The hvdrocarbons helontine to the methane series enter into chen 
val reactions with reluctance — hence their name, PARAFFINS (from 
parum — affinis), Petroleuti consists mainly of paraffins; and aong 
tie best known of the naraffins aré the mases methane, or tarsh 
(Ci, ); and ethan, or olefiant cas (C,H). 
the sas acetwlene (o, 1.) 3 188 latelw hecame a verv well known hy— 
urocarhon, The flame of burnin acetvwiene Is the most Srillian. of ei) 
Slimle fas flames. Acetylenc is now produced on a large scale by the 
action of water on calcium carhide., 
CaC,+ 2H,0 = Ga (0H). + ¢ He. 
lJaleium carbide is produced ‘in the siect rt rnace froit mixtures 
ef linestone yith coal. 
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HALOGEN DERIVATIVES OF THE HYDROCARBONS, 

These are anon the simplest of.the derivatives of ths hyrdrocar— 
bons. They result hy the direct action of the halomens voon the 
hydrocarbons; or by #he action of the halomen hydrides (HC1, Hir, HI) 
uron the alcohols. . 


BES nies 
of CH,+ Cl,= CH,C1 + HC1 

formation CoH, CH + HUl = (,H,Cl + HO 

ee , CoH, + Cli= C,H, Cl, 

nalosen : 

derivatives, | 
Prominent among the halesen derivatives of the hvdrocarbons are 

tiie ToOlloyvins: 

nlethy1l Chloride, CH, C1: F Ethyiene Chisride CH C1L.CH C1; 
ebay 1 Vaso TUS , CoHUl: i, Ethy Lidene Chloride, CH, .CHUL, ; 
Methyl Bromide, Choe, |( Cnlgeesgrm, — = Can ks 
Hthyl Bromide, C,H Br; 4 Iodotorm, ———--=— CHi,; (alice 
iiethyl1 Iodide, CHI; r crystalline solid with peculiar odor) 
Rthyi Iodide, CoH; |, Bromoforn, CHBr.. - 
tee GOVE. COTIPOUNAS art, (ar tae rose part, ae ethsral 


liguids, having anaesthetic and antiseptic propert es. 
aA a .0 8 Ya F 
it has heen seen that the halosen derivatives of the hydrocarbons 
may Fe Considered as derived from the hydrocarbons themselves hy the 
replscencnt of one or more of the avdrosen atoms in hvdrecarion po ie— 
cules by one ar more nalofen atoms. 


Thus From Methane, CH,, we obtain Methyl Chloride CH, - 
2 


cn 


‘From Ethane, O,H,, we obtain Ethyl Chloride ¢ 
From Propane, OH. we ohtain Propyl Chloride C_H_v 
Oe « se. 

Now it 18 nossibie to replace indiréctivy one or more of the ay— 
aroven atoms of re ahaiee arbons ub? one or incre —O-H @rouns., The resultant 
coimounds are called ALCOHOLS. Presuming all the necéssary steps ta be 
known we could obtain follows: 


mk Cues ee 
| From dethane, CH,, we obtain Mathyl Alcohol, CH,0H 
US | From Ethane, 0,H,, we obtain Ethyl Alcohol, C, 4.0K 
See pies  , From Propane, CaH, , we obtain Fropys Aiconel, 3 0H 
of ; Frou Ethane , Pa Hy we obtain Ethylene Glvcol, C,H, (OH), 
alechols) | From Propane, C,H,, we obtain Glycerine, Gg Hy (OH), = 
; From Butane, a we obtain krythrite, ©, H, (OR), 
| From Pentane, C,H, , we obtain Arabite, GB. (OH), 
Wrom Hexane, C,H,,, we obtain Mannite, C, H, (0H), 


In order to »ring about the replacement of —OH gsroups for HK atoms 
in nydrocarbons wé must, as intimated above, resort to intermejliate 
steps. For instance: From methane we can prepare methyl chloriie, CH, Cy 


or easter: 
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hase 25, 
by the direct. action of chlorine upon methane . We may then act upon 


methy-1 chioride with moist silver oxide (which is equivalent to 
silver hydroxide, Ag0H) sities obtaining methyl alcohol. 


CE CL + ais ruses @ AgCl, 
i¢é and siive r hydroxide we can obtain ethyl al-- 


coho 1. eo GH.I 4 ; ABOH : CoH OH + Agt, 


Further, by more or les ges, we may derive various 
other @lcohols from their corresponding hydrocarbons: or show such re— 


lations. 
Those alcohols that have comparati 


ively low mlecular weisthts are 
liquids which mix readily with water. As the molecular weights in— 
crease, we pass throvgh olly liquids; and, f 


d, finally, to fat like eden 
without odor or taste, THE MOST WARKRD COMMON CHEMICAL CHARACTERISTI 
OF THE ALCOHOLS IS THAT THEY REACT WITH ACIDS TO FORM COMPOUNCS ea 
GOUS TO THE SALTS, Such compounds are called ESTERS, 


THUS: d CnOH whe HCl ag CHCl a H,0. 
Examples j Methyl Alcohol Methyl Chioride,. 
werd — a 
of d < 
ft a IND ve = “ 
Esters CoH; OH < ENO, = CoHNG, H,9, 
4 Ethyl Alcohol Rohyl Nitrite 
ae nee fe 4 
: : Le 2 be. 
¢ Cp HOH ¥ ey SO}, = oy of Ee ¢) ° 
‘Fy 
i . Bthyvyl Alcohol Hydrogen Ethyl 
Sulphate, 


It will be observed that the reactions of acids with alcohols are 
very similar to the reactions of acids with metallic hydroxides, 
_ THUS: KOH + HNO,= KNO,+ H,G Potassium Nitrate 
Examples 2 a ai + HNO, = C é 9 H,NO.+ HO Ethyl Nitrate 


of : We ee a ae Se as a Gis Ak — ee dais a CO re grant eager RR eaet ea Wome gi > gueengne gene (ore se Gee 
analogies sgh. + 2HNS, = ¢ mee + 2H,O Calcium Nitrate 
of 3, (OH), “ 2HNO, = = GpH, (NO,}, + 2H,0 Ethylene Nitrats 
Alcohols fm mm er 
to metal-- | Me + SHNOg = BAD shy + 3H,0 Bismith Nitrate 
lic Hydrox-+- 0.H (OH), + 3HNO, = C,H, 2 (NG, }, 3H, 0 Glyceryl Nitrate 
1des [we ee a te ne ee nie me ee ee ee ee 


The alcohols that have been derived from the methane series of 
hydrocarbons by the replacement of one hydrogen atom by an —OH group, 
are analogous to the alkaline hydroxides in their reactions with acids 
consequently the groups -CH,, -CeH,, -C,Hy &c., have been called ALKYL 
Broups. The student must not, however, make the mistake of thinking © 
that the esters are true salts; or that the alkyls are powerfully ba-— 
Sic like the alkaline metals and ammonium, The alkyls are but feebly 
basic — resembling, in this respect, aluminum, The esters are more 
or less readily or completely decomposed by water, steam or caustic 
alkalis— any such decomposition being termed a SAPONIFICATION, Let it 
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be remembered also that the term ether is very often used (especially 
by pharmacists) as synonymous with the term ester. We reserve, ina 
systematic organic chemistry, the term ether as appiicable ONLY to a 
group of organic compounds analogous in structure to the metallic 
oxides. Saponification and ethers will be discussed more fully in an— 
other place, : 

CRAB EZLPECATLOS OF ALC CRB CGas . 

Alcohols are classified, according to the number of —OH Zroups in 
their rolecules, into monohydric, dihydric, trihydric, tetrahydric, 
pentahydric, hexahydric alcohols, &c. 

Like other derivatives of the hydrocarbons the alcohols exhihit 
among their number numerous sets of isomers — the isomerism denending, 
as in cur previous studies, on differences in structure of the indi— 
vidual alcohols. In order to understand how isomerism may occur among 
the alcohols, let us examine butane, C,H,); and butyl alcohol, C,H, 0H. 
Butane itself exists in two isomeric a 


CH, .CH, .CH, .CH, and CH, me" 


Butane has, therefore three distinct kinds a hydrocarbon groups: viz, 
—CH,, =CH, "gna =CH groups. If an H of a -CH, group be replaced by —OH 
we have one of the isomerfe butyl alcohols. if an H of a =CH, Group 
be replaced by —OH, we have another of the isomeric butyl alcoiols. If 
an H of a =CH group be replaced by an —OH group, we have the third of 
the isomeric butyl alcohols. The three isomeric butyl alcohols are, 
therefore: 

CH, .CH, , CH, .CH, OH Primary butyl aleochol. 

CH, CH, .CHOH.CH,, Secondary butyl alcohol. 


H 
nae 
1, Tertiary butyl alcohol. 
is H. 


From the forefoing remarks upon the butyl alcohols, as examples, 
jt will be seen that we may have “THREE CLASSES OF — ALCOHOL GROUPS: 
viz, -CH,OH, =CHOH and =COH groups. The group —CH, 0 is called the 
primary alcoho i Sroup; and all monohydric alcohols that contain a 
—CH,OH group are called PRIMARY ALCOHOLS, The group =CHOH is called 
the “secondary alcohol group; and all mononhydric alcohols that contain 
a =CHOF group are called SECONDARY ALCOHOLS. The group =COH is called 
the tertiary alcohol group; and all monohydric alcohols that contain 
a =COH group are called TERTIARY ALCOHOLS. 

The primary, secondary and tertiary alcohols exhibit remarkable 
differences in the products obtainable from them by processes of oxi— 
dation, Upon oxidation, the primary alcohols first become neutral bod— 
ies called ALDEHYDES, Oxidation of the aldehydes gives us the ORGANIC. 
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ACIDS, which cannot be oxidized further without the splitting up 
of the respective carbon nuclei. Upon oxidation, the secondary alco— 
hols first furnish neutral bodies termed KETONES; and further oxida— 
tion breaks up the carbon miclei. The tertiary alcohols yield no 
characteristic oxidation products, 


Illustrating | PRIMARY. 
tne oxidations ;-°  # H 
| “— 
of alcohols. { ROH + 0 = a + H,0, 
j H 
Alcohol Aldehyde | 
R—neans any oe ne ee ae re be ee oe Ma a a ae ee et, a — 
Monovalent ‘ + HH 
Sroup. : eRe *. 0 «3 
Aldehyde _ Acid, 
R= means any { SECONDARY. 
divalent A 
sroup. ;  . * 0 @ mo + Fo. 
| Aleohol Ketone 
k= means any i. FERpe 
trivalent R=C—OH Gives no characteristic oxidation 
Sroup. 4: Alcohol product, 


The aldehyde group is a ae 


Pi: More commonly written 


The organic acid group is therefore ee lore cormonly 
written —COOH; or -CO,H; and called 
CARBOXYL, 
The ketone group is therefore =C=0. More comaonly written =CO, 
The student may be aided in understanding much that has »een 
said in the preceding pares if he will examine the following Wee los 
of certain derivatives of propane: 


slaply —CHO 


1 tee oes 
fe eae Propane CH, .CH,.CH, 
(HH 


HH i 
Kee Gor Normal Propyl chloride CH, .CH, .CH, C1 
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HHH Jens 
i { 
HG $8 Tso-propy] chloride CH, .CHC1.CH, 
a” C18 
H HR 
H-0-¢-C--OH Primary Propyl Alcohol CH, .CH, .UH, OH. 
HH 
i Hl a : 
i ic din Propionic Aldehyde CH, .CH, .CHO. 
H H i) 
HG Propionic Acid CH, .CH, .COOH. 
re 
H-O-C-O-H Secondary Propyl Alcohol _ CH, .CHOH.CH, 
HO 8 
H 
H H CH, 
H-C-(-0-H Acetone or Dimethy1 Ketone _ 80 
| H CH, 
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METHYL ALCOHOL, or WOOD SPIRIT, CH,OH is obtained on a large 
scale hy the destructive distillation of wood during the process of 
Making retort charcoal, The valuable products of this distillation are 
mainiy methyl alcohol, acetic acid, acetone, creasote and wood tar, 
The methvl alcohol is obtained from this mixture by distillation of 
the fractions of medium volatility over lime. 

Methyl alcohol, when casualiv examined, resembles ordinary alco— 
‘hol in a seneral way; but may be easily distinguished by its peculiar 
odor. 

ETHYL ALCOHOL, CH, .CH, OH, is comton alcohol, It is obtained by 
the spirituous fermentation of saccharine liquids, The fermented lig— 

uids are distilled -- ethyl alcohol appearing as a distillate, 

THE FUSEL OIL so called are always produced during ordinary 
alcoholic fermentations, These oils are principally mixtures of butyl, 
amyl and propyl alcohols, ey are much iore poisonous than ethyl 
alcohol. WA 

ETHYLENE. abY COL, CH, OH, CH, OH, is the most prominent of the dihy— 
dric alcohols. It is a co ekees. thick liquid soluble in water, 

- GLYCERINE, CH, OH,,CHOH, CH, og, is the leading example of the trihy— 
dric alcohols, , 
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Styceetne is prepared from fats and oils, which are esters of 


Glycerine, by distillation of the fats with ‘superheated stean (a 
saponification). 
Thus | Cyy Hz. COO. CH, Hp OH 
Taking Stearin | Cy7H,,COO.CH + 3H,0 = CH OH + 3C,, H, COOH 
as an example Cy7 Hee * G00. CH, CH, OH 
oF fats, Stearin discerit Stearic Acid. 


Pure @iveerine is a thick, colorless, sweet liquid that absorbs 
water enermetically and easilv dissolves in water. 

- HRYTHROL, CH, OH. CHOH .CHOH CH, OH, the type of tetrahydric alcohols 
occurs in combination in many lichens, from which it may be prepared, 
Hrythrol is a crystalline, sweet, solid, soluble in water. 

ARABITE, CH, O# , CHOH ,CHOH, CHOH, CH, oH Gum Arabic contains ar/ alde— 
hyde of arabite, * called ARABINOSE. Arabite is interesting as being the 
Leaain” nentuidric alcohol. It is a sweet crystalline solid, 

MANNITOL, CH,OH,CHOH,CHOH,CHOH,CHOR, CH, QH, from manna, serves to 
illustrate the hexahvdric aiegohois, it is produced during the mucous 
fermentation of sugars; and is a very sweet, soluble, crystalline 
Solid. 

PROMINENT ALDEHYDES AND KETONES 

FORMALDEHYDE, H.CHO, is so named because on oxidation it becomes 
ferimic acid, Pormaldehyde is the simplest of the aldehydes. It has 
lately hecome of the greatest interest to the iredical profession be— 
cause of its being the most convenient faseous fermicidal agent known, 
It is prepared by burning methyl alcohol with a regulated quantity of 
ast. H,CH, OH + 0 = HCHO + HAO. 

The gaseous formaldehyde thus formed is dissolved in water for conve— 
nient use; or else converted into PARAFORMALDEHYDE, (CH, 20), « Parafo rm— 
aldenyce is a white solid, valuahle mainly because upon neing heated 
with water to 130, it furnishes formaldehyde gas, 

ACBTALDBYDR, CH,CHO, is the body comsonly called simple, | /a1de— 
wie’, etaldehyde if a2 volatile liocuid that occurs in the first 
eae of the stills during the manufacture of ethyl alcohol, 

CHLORAL, CC1 CHO; and CHLORAL HYDRATE, col, CHO + H,O are liipor— 
tant derivatives of acetaldehyde, Chloral is an So dly, pungent snelling 
liquid that combines with water to form solid, crystalline chloral 
hydrate, | 

ACETONE, or DIMETHYL KETONE » CH, .CO.CH,, is the simplest o2 the 
ketones and a prominent member of the familv. Its occurrence wita wood 
Spirit has already heen noted, Acetone is a mobile, volatile liquid of 
peculiar odor; and is an occasional constituent of pathological urines 

yee 2 ae CARBOHY DAATES , 

The carbohydrates are a most important and widely distributed 
class of compounds, Molecules of carbohydrates contain six or a miti— 
ple of six carbon atoms and hydrogen and oxygen atoms — the hydrogen 
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atoms being twice as numerous as the oxyfen atoms, The carhohvdrates 
are divided naturally into three grouys, which srouns have been ealled 
tue monosaccharides, the disaccharides, and the polysaccharides, OF 
these cartohydrate #roups, the tionosaccharides are the parent hodies 


Taecy have the eeneral formula, 0.4.0, and are either aldenydes or 
ketones of the hexahvdric alcohols “(iike mannite), 
Thus: CH,OH, Ree eigen Dextrose Two inrortant 


3H, OH. CO EtG CHO). »CHjOH havulose. Monosaccharidss, 
The eiaceenni ‘ides are ethereal danydbide® el the monosaccharides, 
The formation of cane sutar (the most banortant disaccharide) may 
Lively % represented as follows: : 


Cri, Or’, (GCHOH), ,CHO coe 
ay Be 

Sey fee ae | + aa) 
CH, 0r,U0, (CHOH), 0H, 0H UH, UO, (CHO), . GH 2 OH 
Dextrese + Levulose Care nae 


Mne polysaccharides are anhydrides of the tmeonosaccharides, Ture 
fonaation of starch (the ost iwortant polwsaccharide) maw be repre— 
Seutvias follcaws: 

n (Cg Heo Og ) = (Og Figg O, ) + n(i 
eae Starch 

(For furtae1 information concernine the carhohvdrates cans3ult 
Hallihurton. ) 

PROMINENT ACIDS BELONGING TO TEKS METHANE DERIVATIVES, 

FOMAIS ACID, H.COOH, besins the list. It corresponds to metay] 
alcunm.1 and forialdchvde. das so naned because it was first obtained 
my Cietiliin’ ants, Formic acid: is found freu in rany insects, it 43 
& tather heavy lioevid (sp. er. 1,25) with punrent odor; and blisters 
aw Sin, 

ACHTIC ACID, CH,COOF, is tae essential acid in vinerar, Acetic 
acii is produce on a larze scale by the fernentaticn o* many orjanic 
Supectances, particulariv of éthyl alcohol, in the pnrecence of air, 
Acetic acid occurs amontm the products chtained durin= the destructive 
Miatitiation of wood — thie proces: heine the principal soured: oF 
supniy of this important acid, 

Absolutely pure acetic acid is a crvstalline white solid at te: 
mnelatures lower than 17 ; and because of this fact is called 

claciai | acetic acid, 
Soiie industrially well known metallic acetates are: 
Sodium Acetate, pe ~COONAa 


+ 


ei e) 
Ferrous Acetate Be | ea 
At 
Cr ye 
: . \ lg I 
Lead Acetate, » (Sugar of leaal), 
CH, .c00 
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; Cit, CO 
Basic Cuprvic Acet ate 3 su (! veraieris !!) 
Hu. 

Normal Butyric Acii, CE,.CH,.cH,.000H, is produced by the | !pu— 
tvric!! Fermentation of sugar or starches — such fernentatiaon heing 
brougit about throuzn the activity of the butyl bacillus and hacillus 
subtilis, butter fat contains the butyl ester of elvcerins, 

Butvric acid is a thick, rancid smelling lievid, 

CROTON OIL ecntains the ethyl ester of iso-butyric acii, 

CE. 
"DDH 000 .o, 
CE. 

PALMITIC ACID, “a6 a © COOH 1, occurs as the @lycerol gster calied 

PALMITIN in natural fats and oils. Palnitin has the farwla 
C, 5 Hs VO0O-CHg Palnitin 


a 


One 54000 = OF 
Use Fy gi." CO0—U a: Givceryl Paltitate, 
errs ACID, Vaz Hog: Goor> occurs as clyceryl stearate, or STEAR— 
is in tHe natural fats. 
Vaz Fag C00 the stearin 
‘a a 
O47 Figg .COO-FE or 


O47 He CO0-UE Glveery] Stearate, 

OLRIC ACID, 0, H,..COOH, corresnonds ta the ethylene hydrocarbon 
Sg A A? As OLEIN, or #lyeeryvl oleate it occurs with stearin and 
paliltin in fats and oils. 

ACHTO-ACETIC, OR DIACETIC, ACID; or the ethyl ester of the sare 
are occasional urine constituents. In order to understand tne cousti— 
tution of these bodies it imst be understocd that if the hvdroxyl 
Sroup be taken from the carboxyl ftrovup of an orstanic acid, the residue 
(or acid radicle) can still enter into co:hinations. 


ve 
mn Ve : *% . 
Thus: Ur is acetic acid 
“OH 
) 
CH, © is the radicte Macetyi! |, 
uu 
If we will replace one of the hydrosen atoms in . acetic acid 


by acetyl, we obtain aceto-acetic acid, 
Thus: CH, YO 
Ci, .COOH or CH, .CO.CH 2° COOH 
It will be seen from the above formula for aceto-—acetic acid, 
tuat it is both a ketone and an acid, Aceto~-acetic acid and acids 
waicn, like it, contain a =CO group, are often termed KETONIC ACIDS, 
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Rhthvl Aceto—acetate has the fornia: CH, .cO.C CH, .C09.C, Hy. 

(N.B.: These notes give no important practical points with re— 
spect to anv comnound mentioned — provided that compound is practical— 
ly treated in the literature furnished in the courses in physiological 
and pathc logical chemistry. With resyect te such cormnounds, the 
purpose here is to fix their position and relations in a systematic 
organic chemistry. The student will therefore continually corpare 
these notes with his own notes of the lectures; with the set of notes 
ou patholotical chemistry; and with Halliburton’s !'fssentials of Chem 
ical 2 IT) | 

MACTIC ACID, Ct 1 .CHOH. COOH, ap Dope of the nature of an aleohal 
end of @n acid, hen carbohydrate ferment in the presence 0? decay— 
ius nitrofenous comrounds, lactic noid results. Therefore lactic acid 
g0curs in sour milk. It is @ thick syrupy lisuid, 

FYDRACRYLIC ACID is the name of the isomeric lactic acid, 

ii, O11. CH, .VOOH, 

OZ ALIC ACID, COOH.COOH, consists of two carhoxyvl froups linked 
tosether., Oxalic acid is the type of DIBASIC organic acids — just as 
sulphuric acid is the type of dihasic mineral acids. The following 


coiinarison hetween certain oxalates and sulphates will ake clear 
the relation stated., 
COOH | 300K COO# Le Ge 
COOH COOK | COOK oo 
Oxalic Acid Potassium Oxalate {Acid Potassium|Caleiu 
2 e Oxalate, Oxalate, 
S | U* ee $0, =Va 
mee ; 50 as 4 
H ; -“¥ kK 
Sulphuric Acid ‘ Potassium Sulphate,Acid Potassiun, Calcium 
Sulphate . Sulvnate, 


Certain calcvli consist chieflv of calcium oxalate. Sodium oxa— 
late is nroduced on a larre scale by fusing saw dust with sodium ay— 
droxiée. From sodium oxalate thus prenared the oxalic acid of 
ecomoree is ohtained. Oxalic acid is a white crvstalline body, The 
cvolution and veneral relations of oxalic acid will he understood from 
an inspecticn af these formulae: 


PMs vii, OB yOOR 
Ethane Ethvlene Glycol | Qxalic seid, 
OH, UH, OF 00H 

SUCCINIC ACID, COOH CH, ¢ Fos COOH, which o@curs in amber, is a de— 
rivative of hutane. 

MALIC ACID, COOH.CH,,CHOH.COOH, is closely related to succinic 
acid. It occurs in many plants and fruit juices —unrine apples, for 
instance. when pure is a deliquescent crystalline mass. 

TARTARIC ACID, VOOH,CHOF.CHOH.COOH, is one of the tac st inpostant 
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a4 organic acids. Large ouantities of acid potassium tartrate, or 
crear of tartar!! are obtained as a by-product in the wie icduatey: 


SFO COOH SHOW . COOK, 

gremiog”® tartar. Rochelle Salt, 
JEOW . SOOK : CHOH . COOK 
urod. 300% OHOH. COONS 

+ giladJO, = [ * 200, © fe; 
SHO, OOK . SROH , J00Na : ‘ 

re Msodalitz rowder |! FPeAct te2! 


ee ee ee Oe ee ea ee 


HLSRiC ACL, iy aL, OOOH » occurs li vanv veretahle structures; 
GH, , COOH 
but particularly in lemeus, It crystallizes i: lar-e rrisms: aii is 
tac most ibwmortant o? the TRIBASIU orvmanic acids — »ein- tivs anualc 
Sous to orthophasrphoric acid arnont mineral bodies, 
PROMINENT ESYERS MOT PREVIOUSLY MATIIOMRD, 
2% €etere ial Se peneral ly prerared oy the acticn o7 aciis usan 
tis e1 
i. 


 aadgaie 
sTheY ia i Ae UF.v00, as, occurs in wines andi wine vinercar. It 
is a sha nee volatiie aon VOrve TPhPrant Licuida, : 
Reni Pie meic,. Ue , (0p, is the essential constituent of Mewect 


Spirit of nitre b ‘oon pure it is a colerless, verw frarrant Liquid, 
It deccireses verv readily and its solutions detericrate sc ranidly 
that they should not he kent lout without tests %e€ing made ta ascer— 
tain their strenrth., 

BIHYL VRLORIDE, Cyl cl, or sweet snirit of salt!! ds saseous at 
ordinary temmeratures, Its solution in aleonol has »een used in wedi— 
cine, 

ATRYLIDENE CHLORIDE, CH, .CEC1,, 

ATHYL DROUIVE, CH Br. oe 


ASL pers, s. C00 Ugiing. 

A Ae ray R 4 H 

GLY JERYL rary, Bi, 10s 
OH 0g, otnerwise called BAS OGes JRIME , 
ei. WO, 


is tne essential explosive Saunt heen of dvnanite., Also us3A in zied— 
icine, Obtaine’s by the action o? nitric acid on 7lycerine, colorless, 
Sweet tastint, cilw licuid, 

WedawULOSH NITRAYAS, One a® the vroofs o* the aleoholic charactui 
©. @@llVlos¢ is its ability to fer: nitric acid esturs; Cellulose, 
Waco actei upon by nitrie acid, readily forns ines chet acid 
esiers — dependine on tae strentth o” the nitric aci:’i used, Note tie 
followin: 
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(Cg Hao Og )n 


CELLULOSH 
CELLULOSE MONON TTRATE , 


CELLULOSE 

CHLIEULOSS 

Cellulocso 
Cie 30 lution 
wien inccrnor 
nor 


DINITRATE, 
TRINITRATS, 


Ainitrate is soluble 
beine the famikiar 
ted with camphor forms the useful suhstance 


yo 
Ce He Oz (NOL Jo) 

[Cg H,0, (NO, ‘alin, 

in @ taixture of alcohol and elher, 
COLLODION solution, The dinitrate 


known as 


Velluiose trinitrate is colmoniv called GUN COTTON, 1% ig: an 


imeoxtant exniosive, 


van 4e exp 


nioded. wet.cr ‘rv, 


ihe ME Oh dG oF tne cellviose nitrates way hu, expresss1 tise: 
oH goa OF ls + ANOQ, = User 702 (OF) . M03 + HO, 
( f ‘ yin = i CN! Lf 
o. } "7 Os (Oi4 de = 2itN0 — +. Oe (OH ) (NO. de “ att, O * 
- * ean ie Le en 
Gg HO, (08), + SFNO, = Soret ). + sats 
p EE i ‘ 
The esters are o*ten spoken o* as ' ethers!! hut tae true ethers 
Hear the sare relations to :1etallic oxides, as the alcohols hear to 
tie :tallic hvdroxises, or as the esters bear ta the metallic Salta, 
TNAeSS is will be understood after an inspectioa of tase 
follovi.= ec inarisonus:— — 
omen ee eee ge ee ee ee ere ere | aie ee ee ae Se a ee a ee ee ee —— 
pioataAul Leo 1 Ae AuiTe j SBPARLIG. | 
DALLAS HH ERS HY DROXI vas ALSOHOLS |  —SALTS ASTRA, 
es ld ew i a an oe at a a ee ee ee 
or LOH ame ee Qo: 
a oe eon ee 2 B50, 
| OR |, Potassium 4 Ethyl K Joh 
Potassium | athyl | Hydroxide Aleohcl | Potassium Ethyl 
oxide ether { Sulnhate sulphate 
2 a Ny Set tr 
Car0 at Cae OF pt, OH Cac 795 pita HO, 
Jaleiun Sig eniainee CH, OH cn JH, HO, 
oe 
Oxide athy Lene Calcivra Ethy lene Calcium Athy lene 
L Cniae. f Pvarexide |. Giveol Nitrate Nitrate, 
ee es a a —— — - men mee err eer neem tern eee erate eons cee men a ee ee A Te ET RE 
NTRYL ETHER, Co By 
Py or ETHYL OXIDE, is common ETHER, Ethyl 
C, Fr ' 
a 3 = 
ether is the only ether we need to mention, Its mode of formation from 
alcohols is entirely analogous to the formation of metallic oxides 
Fron retalilic hydroxides, 
“T 1 
Tuaus Di oy ot ie 
Cax HU =: Ua and. 20h OM Boo <= 
oH GHZ 
The dehbyvdr ation of ethyl alcohol in the process o? nemipeesun of 
ether is hed hy the action of boiling dilute sulnhuric acid 


sulpnuric ethe rll 
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The reaction has two stares: Cp H, 
First Stage (,H,OH + H,SQ, = a0, +. 4,0, 


ssciieés’ cae 5 eines wml: abide cams, cae eins mei. A a a a SR Si ER ne NR EES CS,” RS eee SENT 


Cp C,H 


"S 
Second Stage Rar +!'C,H.0H = > + H,S0, 
C,H 


A single molecule of H,50, would thus, theoretically, suffice to com 
vert an indefinite ernie of alcohcl into ether, This illustrates a 
very coition kind of chemical action, called catalytic action, The phe— 
nomenon is observed, thouszh not so renerally well understood, in tae 
chemical chanzes of foods induced hy the digestive FERMENTS (ptyalin, 
pepsin, trypsin, rennin, amylopsin, steapsin &c.) In these latter 
cases we have, usually, an. ‘ABSORPTION of water — or H¥DROLY-- 
S18 —rether than a loss of water —or NTHERIFICATION, 

RAAMPLES : 


Starch Maltose Byv Pywtalin 
Caz Hse .000. CE, vege 
Ths Caz Hes COO, a. + 3H,0 = 5C,5 Ho COOH, + HOH By Steapsin 
C,7 Ho. OO; H,, OH 
Stearin Stearic Acid Glycerine 


III, (Alburain Molecule) + (H ,O}p = (Peptone Molecule) By Pep— 
gin, Trypsin, &c, 
Note: When water is simply absorbed, without the formation of simpler 
products, the action is nore strictly a hydration, Example Il is a 
true hvdrolysis. Examples I and LIL illustrate hydration. 
THE AMINES, (AMMONIA DERIVATIVES), 
HD a aS a © ame SS a 

‘hile the alconol radicles — like nethyl, -CH,; ethyl, Cole 5 
propyl, 4 ,H,; ethylene, =0, Hy 5 glyceryl, =C,H,; &c. —have, in their 
colipounds, decided analogies to the metals, the analogies are :ainly 
analogies of position in molecular structures only. The metals are 
comicnly strongly basic in character; while the alcohol radicles have 
but slight basic tendency. Now in the group of atoms NH, we have a 
nost strongly basic cormoiha.. NH. combines ‘directly with acids to 
fora true salts, When NH, combines with acids to fora salts, the pre— 
viously trivalent nigeenes atom becones pentavalent. 


Inspect H 
this Se + HNO,= 
example : Ni 
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Amonr the carbon coimounds we have an exceedingly numerous 
class of hodies that are true bases, Some of these bodies heing even 
more powerful bases than ammonia, 


ee ales ean ee i ee 


t fo 
J 9, Z +6 
i, apes rT 
ox 0 H.. ‘g% 
Example eH + NH,Cl = NH, + NCH 
a Ni 
Ethy Lamine Ci 


* 


Sthylamine hydrochlorate, 


es Oe aa! ee eae doe ees Sa ale ee eee eel pace aks. Cpe aneete Tamia pare cake Vea aie ee eee cei lee aly 


it Pill be observed that by ‘the introduction of the alkvi group, 
Ci H, , into the ammonia molecule (in place of an atom of hvdrosen) we 
have intensified the basicity. This fact is another example of the 
Beneral basic tendency of the alechol radicies, 

The basic carbon compounds to which we have just alluded ars call] 
ed collectively THE ALKALOIDS or ORGANIC BASES, They are all ao 
cunsidered as derived from NH, by the replacement of one or more of 
the hydrogen atoms of NH, byw carbonaceous radicles, 

Any corpound of eérbon. no matter what may be its chemical pron— 
erties, if capable of being considered as an ammonia derivative is 
appropriately termed an_ADINE, 

The AMID (or anide/ or anido) compounds contain the amnonia res— 
idue —NE, : 

The IMID compounds contain the ammonia residue =NH, 

As has been said above, the alkaloids are exceedingly numerous, 
We will consider in this pines Siupiv the formilas of a few of the 
Simplest members of the group. 


NH, .CH, is METEYLAMINE wet 

NH, Cc, B. is ETHYLAMINE, 1 H is DIETHYLENE DIAMINE, 

NE(CH,), is DIMRTHYLAMINE, C,H; 

NE (C, ii, ian is DIETHYLAMINE, a 

a ig sy is TRIETHYLAMINE, nO eal is TRIETHYLENS DIAMINE, 
GH (00, ko SUYLENE DEAMANE. | !C, He) RRs 


ba UaA RS On ee 
The hydrazines are derivatives of hydrazine -— hydrazine itself 
being an ammonia derivative. 


HYDRAZINE, res , or NH, .NH 
\XH, 
TH (C, Hy ) oJH, is ETHYL HYDRAZINE, 
——-— AMIDO DERIVATIVES OF ACIDS, — — — 
These may be considered as resulting either from the replacement 
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of hydrogen of amionia by acid radicles (See page 30); or hy the re— 


vd 


placement of nydioren directly united to carhon in the organic acids 
by the amido “roun (-TH,) . Some of these bodies are of Sreatest navsi— 


~ 


Qlogical importance, We will here study a few prominent examles, 
URGA | HO. 


Carbonic acid, HCO, nay be written 
3 | — 

From this acid we could have the radicle =CO, The ariido deriva— 
tive of this radicle wovld »be NH, 

OO, or urea 
NH, 

Pure urea consists of lonz, easily soluble, colorless crystals, 
that taste like saltretre. Urea is the chief ent product of the 
netabvolism of nitrosenous suhstances in the human animal. 

(CON, H 4 HNO. is UREA NETRAZE. 
(CON Hy }HO1 > <4ds DA HYDROCHLORAYE Ty, 

GLYCONOLLP or AMIDO ACETIC ACID has the forwila, OH, -.CO0H, It is 
related to HIPPURIC ACID, the chief end product of nitrogen etavolian 
in the nerhivorae, 

C, g iy. GO 
Hippuric acid has the formula, i and is a derivative of 
CH, . COOH venzene anc. venggqic acid, 

as well as a derivative of givcocoll. 

LEUCIUE is a crvstalline body that occurs in the pancreas and in 
various animal juices, and amonz the products obtained by »Yolling 
albuminous bodies with alkalis or acias; or »y putrefaction, ueucine 
is eide—caproic acid, CH. .CH, . CH, .CH,.CH (NH, ). JOOH 

URIC ACID, which is the chief end product of nitrogen metabo lisia 
in birds and reptiles. is related to urea. 

BO ocrammeracscs mere oe 
Uric acid has the fomwla CO 0 
™H-—CO-—C-—~—NH7 

Uric acia is a remarkably insoluyle bodv. So are the ordinary 
urates hence the tendency of these hodies to form calculi. Uric acid 
is a weakly dibasic acid. The ordinary salts of uric acid are the ac id 
salts. Acid lithium urate is one of the most soludle of the urates-— 
hence the use of lithium compounds to dissolve calculi. 

URIC ACID, C,H, N,0,. 

ACID POTAS STUM URATE 0 H,N, 0, .K 

ACID SODIUM URATS, } 


pati dhgh Os iis 
ACID AMMONIUM URATH, O,H,N,0, .H, 
ACID LITHIUM URATE, CHM, 0, Li 


GUANINE (from guanc), XANTHING "(in caleuli, urine &c.) 
MEOBROMUNE (in cocoa), and CAFFEINE OR THRINE (in tea and coffee) are 
closely related to uric acid. 
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——- AROMATIC COR? Oo UN DS ——— 

All of the compounds that we have sc far considered have heen 
classed under the seneral tern Ilan e Aliphatic Compounds !!, This group— 
ing under the one term is made because of their chemical correlation 
with each other as derivatives of the hydrocarbon methane, He Aa 
however, we examine their structural formlae, it will be seen that 
thew mignt very properly he terned, !Ithe Onen Chain Séries of 
Carbon Coipounds | the term alluding to the chain like linkage be— 
tween the carbon atoms of the respective molecules. Take for example 
tus nvdrocarbon, normal hexane 
e is ae: it H 


The I lonen chain of linked carhon atois is striking, 

Now the tera onen chain! !/ would have but little significance, 
and ve merely a curious fact, were it not that there is another very 
large class of carbon compounds that have a mitual chemical relation 
With each other and the molecules of which contain nuclei consisting 
of closed chains of carbon atoms. This large froun of carbon coim— 
pounds may be considered as derived from henzene, CgH,. All known 
Pacts point to the followine as the prohablyv correct structural 
foeximia for henzene: H 


It cannot be as directiv affirmed that the molecule of ».engene 
has the above structure, as it has been that methane and its deriva— 
tives have the structure we have assisgned them. But by assuning tue 
above structure for henzene, practically all pertinent known facts are 
explained by, and are in harmony with it. Following Kekule |, the great 
originator of this swstem, chemists have adopted the structure as cor— 
Tuct. 

The benzene or aromatic series of carbon compounds are so termed | 
because of their relation to benzene as a parent bodv; and because 
they are comicn constituents of aromatic ails and resins. 

The derivatives of benzene are obtained by replacing anv or more 
of its hvdrogzen atoms by other atoms or atomic froups. It is to be 
noted that the llolosed chain! ! of six carbon atoms — the héenzene nu— 
cleus — is torn apart with great difficulty. 

GENERAL STATEMENTS CONCERNING THE DERIVATIVES OF BENZENE, 

fhe riore important derivatives of henzene are those obtained by 

replacing one or more of the hydro wen ators of benzene by the fo Llow— 
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Page 59, 
ing radical groups. -NO,; --S0O,H; —OH; Cy Fons (i.e, alkyl groups, 
such as -CH,, -U,H,, 0, HL &e.) -NH,; -N=N-; &c. 

NITRO COMPOUNDS, 

By actin™ on benzene or rensenpe derivatives with nitric acid, one 
or wore ¢f the original benzene hvydroren atoms is replaced by the 
Zroun NO, . (The nurhe er of -NO, froups introduce? into the molecule 
being Jependent on the nature of the aromatic body under treatment; 
on the strength of the nitric acid used: &e. ) The compounds thus ob— 
tained are termed NITRO COMPOUNDS, This reaction is characteristic of 
the penzene derivatives, 

Examples of Nitro derivatives of aromatic compounds:— 


roximate , C,H, C,H, .NOpg is Nitro—enzene, 

. Benzene Cy Hy . (NO, )p is Dinitro-—benzene, 
parent | C.K... (NO, ), is Trinitro—henzene, 
bodies, | C,H,OH | 0, H,OH . (HO, ), is Trinitro-phenol or 

| Phenol» Picric acid, 
Lae ae eh apace ean ae ee ate erie ine alae Saige attic Sie “sis quem) ae oie ens “Samy Geen ety cc “eases ale aang 


AMIDO COMPOUNDS, 

By reducing, the nitro comrounds with nascent hvdromsen the sSroup 
—N0, is finally changed to the froup —E,. The compounds that contain 
this -Net, group are temaed AMTDO-C COMPOUNDS , 

AZO and DIAZO COMPOUNDS, 

These compounds stand intermediate between the nitro and the aai— 
do co:pounds, They contain the group -N=N-. 
hxaiiples of diazo—, azo—, and amido— derivatives of ‘aromatic 
CoLpoUunds :— 


eee 


ethics Tc H. HO, C,H, .NR, is Anido—-benzene or Aniline, 
parent Nitro—henzene 0H, NaNO, ia olevo-nenvane Wierae, = 
oe Lek se ke Lee 
ig 0, H, eA | Ae We & witless Soaks me oe 
| Nitro—toluene To luidine,. 


SULFHONIC ACIDS, 

The action of sulphuric acid on members of the aromatic series of 
Colipounds is to produce a replacement of one or more (according to 
conditions -- see nitro-compounds) of the original benzene hydrogen 
atoms hy an equal number of -—5S0,H groups. The resulting coupounds are 
termed sulphonic acids, — 
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Exazwples of Sulphonic acids:— a 


renee mm eae ae ete emetic ee enemies 


Proximate | C,H, , C,H, .S0,H is Benzene sulphonic acid. 
, Benzene | 
parent j—-————/— OE A ee ie a ee ea i 
C,H. OH C,H, (OH) .S0,H is Phenol sulwhoniec acid. 
body. Phenol. | 
PHENOLS. 


The sroup —OH may he made to take the place of hvdrozen atoms in 
aromatic compounds, The resultins compounds are phenols. 
Ixanples of phenols:— 


em nem eae mn eee ere eee ee meee eee eens een | eect eet emma ean geet ements 


C. Hl C,H,OH is Oxybenzene or Phenol 

Proximate Benzene + -~-~—~——-—-——-~—~——--—-——-—-—-—-—--—-—-—-——— 
C8, 3 (OH), is Trioxvbenzene or Pyrogallic 

parent , Acid. 

hody. i oH, AE 
L O. Hy C, H, CH, is Hethvl--propyl phenol or Thymol 
GB ™O,H 

3°°7\ ee 

pwlethy 1 
; -propy: 
. benrene. 


ALKYL DERIVATIVE = 

These arise froma io rap lavenent of hydrogen atoms in benzene by 
those radicals of the aliphatic series that have been designated al— 
kyls‘''. The alkyl sroups thus introduced are termed 'lsade chains 
Examples of alkyl derivatives of benzene. 


Tis aan tes: dent Maes, Wasa ok Se: ied han ask See “Stet Al Whew Gao eek alk” oe tak? Wad tas’ wi el ae es ne a 
C, He C,H, .CH, is Methvl benzene or Toluene. 
Benzene j—-— —- — —-—-—- —- —--—- —- —- ee ee Re ee eer er ee ee 
Ai, 
CoH is Dimethvl henzene or Xylene 
CH, 
ee ea ae aa dos Slbs dees ya aah: Stainton ge Aaa ak, a ea ae “ae he Ge une 
| mg, is Trimethyl benzene or Mesityvlene, 
| CH, 


etree ee ene ee 


AuCOHOLS OF THE AROMATIC SERIER, 
When hydrogen atoms in the liside chains !! are replaced by —OH, 
the alcohols of the aromatic series result. 
These Ilayomatic |! alcohols behave on osidation like the leatty |! 


— ee ee aa ey 


ory TINY 
Sea 


; | 
p | | 
: : 3 

ny! a ME a a ee ee ee a eg ee a runny ies 
é 3 | 


BFF eect Oe 


+ 
t 
a 


-, EERE 
ae oe jee ate tiede Shia’' ede al 
eg eet a ee eeiess. at tam 


Rise ee 
eS 


a a. Ee 
alecnols, That is, the primary alcohol groups change to the aldehyde 
and acid froups; and the secondary alcohol groups chanze to the ketone 
Sroup, We thus have the !'aronatic!! ALDUIYDES, ACIDS ana KETONES. 
nxaaples of aromatic alcohols, aldehydes, acids and ketones:— 
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Proxinate C gH, CH, : Gg tt. CHORE) is Benzyl Alcohol. 

i ie luen@ j—-—-—-—-—-—-——— —- — — — - + ee 
| Oxidation products of henzvl alcohol, 
CS oe ee ie Gi ee gk Se le des ewe ne 

yarent CoH..CHO is senzaldehvde. 
| C.F. VOOR 38 Uen“eic acid, 
one OP eg ee ec ee 
, (Hs. vars | UH. .CHOM ON is Phenyl methyl carbingl 

mooy, 2 TREE te me a i a ea ee ee ee ee yey ce — 
henzene eight of above. 
| Vg H,.00.CE is Phenyl methvl ketone. 


ISOMGERISH AMONG THE BENZENE DERIVATIVES. 
de have already referred to Kekule’s view of the structure cf the 
henzene molecule (Gad.7. Shia view ia, in short, that the six carhaag 
atoms are joined together in a | closed—chain!! hw alternating 
Single ana double unions, each carbon atom heins alsc joined to one 
hydrogen atoii. 
This view could be represented as velo: 
eon eo iu Ho 
gab 
Tinis view sives a perfectly structural svrretry, 
for each hvdresen atom is linked to a carbon ato:1, which is in turn 
Llimced to one carbon atom by a sinsle bond, and to another carbon ato 
oy &@ dovele bond. Like atoms have therefore exactlv sinilar iwthods of 
linkare and hence the structural swimietry. 
Because of the structural swmetrv of the henzene molécule 
Cneiaiste are in the habit of writin it thus: 


B 
so. 
Hay Y-H 
\ 
\ \ . 
HO = 
a 


H 
in the fora of a hexagon, Furthermore, in order to conveniently sin— 
plify matters, the “io lecule is usually represented by a simple nexagon 


when anv of the hyvdroven ator 18 are renlaced by other atoms or 
Sroups, the resultin™ co:pound is readily represented structurally by 
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writing the resnective svwrhols at the angles where replacements have 
s<occurred, 
a: mxarn les es aie 
es CNR 
i rn | ; 
* ot a 4 * i n¢ ( 7 
eeans 05H, 10; i | . means C,H..NH,, o7 
or Nitre—’ % 2 Anido—benzene or 
benzene, ae Aniline. 
30,H méans U.H,.S0,H, or benzene 


sulnhonic acta. 


ee > ts 2 — v4 ioe - 


4 
means C, E. OH, means C,H, .CH,or 


eee iinet 


129) ( q { q 
means C,H, COOH, 


a. ed or @arbo lie Acid, RS S Methyl Benzene or 
ok se To luene. 
fo ™ N vA 
( ) CH0H 
i ? 
reans C,H..CH,OF, or Benzyl Alcohol. 
~~ ye 
“o 
Bsc 
wf, oxo 
| means U.H..CHO, or Benza aldehyde, 
cg us 
ie 
Oe 
2 200K 
S -O0OH% , oF dentoie Acid. 
} 


arstood to be numbered from one to six, 


(1) 


wo. 


a a 


rie several antles mav be und 


| (4) 
The utility of this nuiberint will appear in what follows. 


it. is o+vious frei the svimietry of benzene that when only one of 


its hydrogen atoms is replaced by a certain vonovalent atom or atomic 
Srouyn, the structure will »be tne same no matter which of the six 
hydrogen atoms is replaced, Therefore for example, the hodies 
On AN 
A, % ~ € a 
eae Tae Ort a Pa | a HO’ - 
a : eee See 
aA OH oi 


identical. As a matter of fact we find no isomeric 
to the above substitution of a single ato of 


are structurally 
bodies corresponding 
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hydrogen in benzene by a certain sroup. 
When MORE THAN ONN of the iydrogen atoms of benzene are revlaced 


by a certain Sroup, structural differences may arise 
Thus we mav have the followins as possible structures:— 
OF OH OH 


oe ACTUALLY EXIST As 
OH | Pyroca ae 

| | Resorcin, | 

ae ae oe a Hyvdrochinon, ° My 

OH 


ea ee ne ee ee ee ee 


OH OH OK 
. a . ad 
/ ™ coon ( ae ACTUALLY EXIST AS 
| 2 Salicwlic Agia 


, 
fa) 
S ed 00H So 
ws COOH Oxvhbenzgic Acid. 
Paraoxvbenzoic Acid, 


Or oe O# 
oN. ao oO ACTUALLY EXIST AS | 
OH ( OH f ‘} Pyrogallic acid | 
| L | | Oxvhydrechinon — 
OH ~~ eS Phlorozlucin, 


There Pr six vnossihble structures correspondinz to the zeneral 
H. (OH), .o S00H; and all of these six DIOXYBENZOIC ACIDS have 


forimila C, 
Ziven below:— 


beech isatucd and idintifiec:. The structures are 


00K SOOH COOH COOH COOH 300K 
a = a \ a Sens / 
fy OH 4 OH ( \oH KO OH ¢ \ 
: | 
| 
20H \. HO “ aa JOH HO Rt 
me rs am aS ’ se 
OH OH 
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In the above manners arise the isomerism peculiar to the deriv— 


atives of benzene. By supposin™ each angle of the hexagon to have its 
nulber we can quickly and easily designate any of the various bodies, 
OH 
OH 


Ortho-derivatives is most simnly written C,H, (OH), (1,2) 
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: OH 
— 
iletalerivatives is most simply written C,H, (OH,(1,3) 
OH i 
Or 
Para—-derivatives is most simply written C,H, (O41), (1,4) 
OH 


Froi1 the ahove discussion it has become apparent that we may have | 
three isomeric disuhstituted henzenes correspondinz to one of the fol— 
lowin’s seneral formulae, in which x and y refer to any monovalent atom 
or atomic *roups. : 
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oo 
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bf 
Pak 

C, Hy (333s 
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- 

C, HY (1,4). 


aig 

When the two substitutinz atoms or atomic groups occupy tne (1,2) 
position, the compound is called an ORTHO-—compnound, 

when the two substituting atoms or atomic froups occupy tas ¢4,3) 
position, the co:ipound is called a IzTA-compound., 

Jnen the two substitutinc atoms or atomic sroups occupy the (1,4) 
position, the compound is called a PARA-compound, 

Examples illustrating the above nomenclature:— 

O,H, C1, (1,2) is Orthodichlorbenzene., 

U, H, C1, (1,3) is Meta-dichlorhbenzene, 

C, ri, C1 (1,4) is Para-dichlorbenzene, 

H:(NOo), (1,2) is Orthc-dinitrobenzene. 

Ug H, 2 (NOg), (1,3) is Meta-dinitrohenzene, 
C.H : (NO, ), (1,4) is Para—dinitrobenzene, 
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CCOH 
C. (1,2) is Ortho-oxybenzoic acid or Salicylic 
iH acid. 
Ook . sleta-oxybenzoic acid or (simply 
CoH (1,3) ig by custom in this case) Oxvbenzoic 
Nat : 
OH acid. 
7 00H 
C,H (1,4) is Para-oxybenzoic acid. 
“OH 


tea AND ITS HOMOLOGOUS HYDROCARBONS, 

These have ths artes: formula “nFan—« 

Synthetically the henzens noriologues are prepared by the indirect 
substitution of one or more of the hydrogen atoms of benzene by an 

‘eoual number of alkyl Groups, We may illustrate such syntheses by 
tne followings synthesis of toluene, 
Cg, Br + CH,I + 2Na = C,H 5° CH, + NaBr + Nal, 

The henzene ee eee? are obtained airost exclusively frou 
coal tar by fractional distillation, Physically they are, for the 
most part, volatile licuids, They find their chief apnlication in the 
ianufacture of aniline dyes. Among the henzene hydrocarbons are found 
mumierous interesting examples of true isomers — Thus, we have four 
isomeric bodies corresponding to the formula C 3 410% as follows: 

C,H. .C,H, is Ethylhenzene, 
H, : (CH, ), (1,2) is Orthodimethylhenzene 
or Orthoxviene, a 
C,H, : (CH), (1,3) is Metadimethylbenzene 7 
or Metaxylene, 
(1,4) is Paradimethvlhenzene 
or Paraxviene,. 
NITRO—DERIVATIV2ES, 

The nitro-derivatives of the aromatic compounds are prenared by 
the direct action of nitric acid (more or less concentrated). By such 
treatment, one or more of the original benzene hydrogen atoms is re— 
placed by an ecusl number of a Srounps. 

NITROBENZENE, C,H, .NO, is the most familiar of these nitro com 
nounds — being known + Beers erce by the names ‘“‘oil1 of mirbane and 

artificial alaond oil! —this last name hecause of tne odor, Nitro— 
benzene is @ yellow liquid, largely employed in the manufacture of 
aniline, It is prepared by the action of nitric acid on henzenes. 
C,H, + HNO, = CgH, .NOp + H,O, 
There are many other nitro—derivatives of the aromatic compounds, 
AMIDO--DERIVATI 

As has already been stated the action of nascent hydrogen upon 

the nitro compounds, accomplishes a reduction to corresponding amido 


emennadi = 
- daal UR xl <0 ” Q . 
sibs eoi-ai (8,1) 


je ee ES ee 
Mike Te “ts 


* 


a 
‘pee 
ett 


+ : ae be a ee preg Seen Ey 
footie end ct ABYGT wl Omtes is 


or #6 Bids 


— 
8 
a 
me 
a 


eee oe ae ee 
ek A sere st fest ite zs 


Pase 46, : 
compounds. 

Taus pm of aniline):— 

5 NO, + 3H, oe C,H, NH, + 2H 20. 

This fe tisal takes place in presence of oo &0id oniv; 

ANILINE or AMIDOBENZENE is the Siimlest and most important of the 
arolatic anido comnounds, 

It is to be observed that aniline is also an amine, or alaonia 
derivative. To impress this fact we could write the fora a 


ots 
N--H 
H 


hile many amines, aniline is hasic-in its character; and fonas 
Salts with acids. We have, for exarinie, tne following aniline salts: 


A 
C.H,.NH, + HCl = o, NH Hydrochlorate, 
“ey 
H 
fu Hvdroren “niline 
TMi T° SS ee et se fan) c 
C,H. NE, + H,S0, = Up HoH sulphate 
7 
Pe 4 
H 
xi 
p: 
Ce He om hed 
2(O,H, NH, ) + 1,50, = $0, Aniline Sulnhate 
oe ae 
Ve a. ate Ni 
\ 


These examples of salts of aniline serve also to illustrate the 
generel character of the salts of alkaloids belongings to the aromatic 
series of compounds. 

The aniline dyes all of which are wore or less closelv related 
to aniline, are often extremely cotplicated in their structure. An 
exalnle will he given under ne heac 'laso—coipounds | !, 

~ Boe 2 gee 

The phenols are HYDROXIDES OF AROMATIC RADICLES, in which one or 
iore —OH froups have taken the place of an ecual number of the orig— 
inal henzene hvdroren atoms, The rhenols therefore contain one or imore 
=U-O-H groups and are, so far, analogous to the tertiary alcohols of 
tue aliphatic series of compounds. But they have rather a tendency to— 
ward an ACID character, than toward a BASIC character in their 
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chemical deportment: and are thus very different from alcohols, The 
phenols and their derivatives form a verv important class of colipounds, 
As has heen stated previously, we may obtain sulphonic acids »bv the ac 
tion of sulphuric acid upon aromatiic compounds. If we further act upon 
the sulphonic acids with alkaline hydroxides, phenols result, 
For illustration of these facts consider the following reactions:— 
CgHg + H,50, = O,H,.S0,H + H,0. 
Benzene sulphonic acid, : 
C,H, .S0,H + KOH = Ug ts OH + KUSO, I 
Ordinary Phenol or Carbolic acid 
ORDINARY PHENOL, C,H,.OH is also known as Carbolic Acid. It is 
When nure, a white crvstalline »ody that melts readily, and is soluble 
in most ordinary solvents. Phenol is obtained from coal tar bw distil— 
lation, Creasote, which is also obtained from tar, contains nhenols, 
Phenol occurs normally in the urine, sweet and faeces in small 
GUantities, but especially after medical or surgical treatment wita 
carbolic acid or other drugs containing a benzene nucieus, This occur— 
Ponce of phenol is not of free phenol: hut of combined phenol in the 


Cullpound C. He 
04 ; called potassium phenyl sulphate, 
K 


In the huraan body phenol is formed from proteids by the activity: 
of enrymes and microorganisms in the intestine — hence its presence in 
$090 wrine. 

ane gare color of the urine in Ilearboluria!! .6..n0t. due to 
carbolic acid, but to two other phenols — pyrocatechin and hydrocninon. 

OH OH 


PICRIC ACID, C,H, (M0, ), OH. This bodv is trinitropheéenol, 


NO» 
It consists of vellow crvstalline plates. It is an important dye— 
stuff. With proteids it forms insoluble cormpounds. Hence its use to 
determine albuwnin in the urine, 
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HIPPURIC ACID, which occurs largely in the urine of herbivorous 
animals as a final product of the metabolic changes of proteid nitro— 
gen, is related to benzoic acid and glycocoll. Glycocoll is amido—acet— 


ic acid. The constitution of hippuric acid will now be vaanretees by 
an inspection of the following structures. 


Acetic Acid, CH, COOH 


COOH 
Glycocoll, ow, 
“NH, 
a CO.C,H, _ATK 2 
+ HeO = CH, + C.H. .COOK, 
coor “COOH 
Hippuric Acid + water = glycotoll + benzoic acid. 


Hippuric acid is much less soluble than urea but more soluble 
than uric acid, 


eRe 2evi &O. GAUL F a= 


Cortpounds belonging to this Sroup exist not only in plants but 
also in aninals., , 
INDOL, C,H,N , is the simplest member of the group. 
Structurally it has the formula Pee 


It is an oily fluid, having a peculiar odor. It is soluble in 
alcohol and ether and gives a red precipitate with nitric acid con— 
taining nitrous acid. Indol occurs amons the decomposition products of 
proteids. Hence it is formaed in the intestines. A portion of the indol 
thus formed is excreted with the faeces. The other portion, after ab— 
sorption, finally passes into the urine as an ethereal sulphate, 

(See under skatol below.) 

SKATOL, CgH,N. This body is METHYL INDOL, CoH, (CH, )N. In combina—_ 
tion, it is a well known constituent of the faeces and urine in 
which it occurs as an iletherea1!! sulphate of potassium, Thus: 

C,H, (CH, )N_ : 
QO, Skatoxyl potassium sulphate. 
Like indol, skatol is a proteid decomposition product. Its absorption 
in large quantities during constipation is supposed to explain certain. 
unpleasant symptoms. Skatol has a strong faecal odor. 
INDIGO BLUE, This important coloring matter has the formdae: 


vara 


Re eetsibad &4.. 


Rosaniline will serve to illustrate.the complex nature of certain 
of the !laniline!! dyes, 
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Rosaniline has the structure:— 


ioe eerie, 


Hon, Ce Nox 
Rosaniline nay thus he retarded ‘tet Sek as a benzene derivative; 
but also as a derivative of ete 
AS ERAS B.A. 8 8.0 & P.. 


ANTHRACENE, Cy, H,, aN, 
CB | POH, or ace 
“e | 
Sian 


It must be understood that there are no hydrogen atoms nt the re— 
entrant angles. 

Anthracene is a solid constituent of coal tar. It is largely used 
in the preparation of dwe—-stuffs, 

BAe Bee Oe aed eS .O ROU B.. 

The parent hody of this group is NAPHTHALENE, which consists of 
two benzene nuciei directlv united with the ito oak ies of two carbon 
and four _hvdrosen atoms. This is illustrated by the following struc— 


tures: H H 
“y On 
a ee ee 
The Naphthalene Hat Soy 


molecule, HQ. 


This may be expressed 


The reactions of naphthalene closely resemble those of benzene, 
P 


MAPHTHALENE , which is obtained from coal tar, has a neculiar 
odor and is a white, shinins crystalline body mich used as a basis for 
dyes, Its frequent use under the name of Ileay camphor | | has made 


naphthalsne a familiar hody. 

The phenol derivatives of naphthalene are liqportant bodies; and 
are called ' Inanhthols 
Examples are: OH 


Alpha and Beta e OH 


Naphthol Naphtho1 
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PRSHRARTR RENE. . 
Like naphthalene this bodv is a condensed !! benzene: 


Phenanthrene is a colorless, crystalline, body. Its solutions are 
fluorescent, : 


7 ag aussi OV 2-28 

Amon3 the derivatives of carbon, basic amines forms a very large 
Sroup of compounds, These organic bases are called collectively, the 
alkaloids, The following senetic divisions of alkaloids are reunaniaas 

VEGETABLE ALKALOIDS:— Alkaloids obtained from plants, 

ANTMAL ALKALOIDS:— Alkaloids obtained from animals. 

PTOMAINES :— Alkalcidal products of putrefaction, 

LEUCOMAINES:— Alkaloidal products of animal metabolism. 

llany of the alkaloids are comparatively simple amines. Otiers, 
again, are of exceedinse complexity; and many such are related to 
the nodies pyridine and cuinoline, The complete constitution o7 a 
large nunber of alkaloidal substances is unknown. 
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HQ Pyridine, 
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MAALIPLES OF ALKALOIDS, 


PIPERIDINE is the alkaloidal parent of piperine, Piperine occurs 
in pepper — hence the name, 
Piperidine is Hexahydro—pvridine, 


ln 


y—H Ho= C=H, Hexahydro-—pyri— 
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COKINE, the well known alkaloid from hemlock is alpha—no rma 
Pree l yineridine, 


THU s 3 Ke 
iy 
— a= 
Ha=@ =H, 
ees H { 
Pp) 
: ae 3 
: 
H 
NICO@INE, the essential alkalcid of tobacco has a still more 
co.nliceted molecule, containine derivatives of tyv0 pyridine 319 1- 
ecules, Hicotine is an oily, basic liquid, soluble in vater, As a 


ase, tke nicotine molecule requires two molecules of a monohasic acid 
(lie HCl) for saturation. This fact is in harmony with the yNresence 
dn tie molecule of TWO nvridine NITROGEN atoris, 

MORPHINE, Uy7 Hig NO, + HO, is related to pyridine, quinoline aud 
phenanthrene, Its exact inks (ied is unknown, Morph ine hvdrochlor— 
ate has the formula Ca7 Hyg NO, HULL + 4H, O, The water molecule, added to 
tacse fcrimmlae for morphine and its hydro chlorate occur as i; water of 
ervsta allization! |, vlorpnine possesses remarkably strons reducing prop— 

erties; ant tests for -wrphine renera Qliy Mane use of this fact. 

QUITIINE, which occurs to the extent of 2 or 3 parts ner iunaired 
in Valisava hark, has the formula Vag Ha gN,0,. Quinine is a diacid base 
related to quinolin 

SIAYCHMNIE, 0 
and iniol, 

COCAINE, Caz Ho, NO, 


3 
pyridine, 


24 oe %yV¥o, 18 & monscid base related to quinoline 


is another immortant alkaloid related to 


0 0 Ff ees. SS 

enés, constitute a verv numerous; and hut illv svstena— 

hydrocarbons, The terpenes are enemically related to 
ine; and are contained in the so called lyolatile 

Ala Tether il Oils, For the most part, the terpenes are ohtained by 

distillatio with steam) of vnortions o? glaete belonging to: the 

Coniferaa ee Citrus species, 

Géneral formula for terpenes, Ci Hyp ; 
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Tne terpenes are isomeric with the structure siven delov: 


Fs 
4 
a ‘ ag ra \ i 
Dihvéro— Kt : ai 
ynara-—ethv1— Pe | 
propvl—-henzene, | / 
a: 1H 
7 


RAASIPLES OF TORPENES 
PIUBNE:— Is the chief ingredient of turpentine oil, of eucalyptus 
O21, Juniperererrys ofl, S666 oft, ke. 
Citanibi— Characteristic of oranme o11, lemon oil, eedar oi, 
qia2 ae ang Gyan oil, 
INPORTANT TARPHNE DERIVATIVES — THE OALPHORS, 
Te eae Sri substancés called camphors, differ from the 
terpenes in containins oxveen; but are otherwise closely related to 
tue terpenes, Two exammles are siven helow:— 


Ht Hy 
*¥ J aT 
Va ae 
" : Wa ~ A s a 
Ordinary H- a0 Mentha G ae Oxy—hexa— 
Valpnor | — Camphor rl hv dro cyviene 


(Japan) © s t io 
ae ere: Hentho 1 = 4 
LK (ene 


7 2 a) 
H OH 
IMPORTANT TRRPANE DERIVATIVES— THE RESINS, 
uike the cammhors, the resins contain oxy™en. They are 


Slipsely related to the terpenes: ani oecur with the ternenes.in plania. 
Tre natural thick solutions of resins in terpenes are called BALSAMS, 
The balsams upon exposure fradually become the vitreous solids called 
GU.l RESINS, which latter are so largely used in the manufacture of 
VARNISHES , 

The natural resins consist of more or less corplex mixtures of 
peculiar aromatic acids, called the resin acids. Alkalis dissolve 
resins, with the formation of the so called resin soaps. Ths resin 


Soaps are the soluble sodium or potassium salts of the resin acids, 
Kxarmples of twpical gum resins are: Colophony, or coin Rosin; 


Shellac; Amber ani Gum Copal. 
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oie Sip t - 

Unter the above term are conve eiont is included a lar-3 number or 
iiipoertant carbon cormoun?s, the chenistryv of which is StL1LL Sut 
crudely defined, The Siaaai* ication has little to reccirmeni it save 
coaverience, A11 !/x Slucosides 38 havever, have this pronerty in corion. 
fev ere capable of er iit tins git -2 carbohydrate, when subjected to 
the action of hydrolytic asents {hoilinz dilute’ eae d, LOrtisrite- wa, )? 
The carhohvdrate thus produced is usuallw dextrose. The majority of 
Slucosidcs are neutral bodies; ‘ut a few show an acid or basic HAUG. 

A fer well known flucosizes are hove mentioneée:— 

Mwedalin in kernels of Fruit Mlestones!! —6piite wn Date 

Benza ee hwirocvanic acid and dextrose. 


Carminic acid—Volorinz natter o? cocuineal, 

Diritalin— ¥rom foxrlove, 

ilicin— Co mound of a proteid with a special carbohvérite called 
aninal mil! 
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